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ABSTRACT: This study aims to describe the incidence of malignant mesothelioma (MM) in the period 1996-2022 and report the 
related exposure to asbestos. The study includes all cases of MM with a certain or a probable diagnosis (with microscopic confirmation) 
and possible cases (without microscopic confirmation) collected by the Regional Mesothelioma Registry (ReM) which represents one 
of the 21 CORs (Regional Operational Centers) in Italy.
For each case, information on age, sex, tumor site, morphology, date of diagnosis, follow-up, and province of residence was collected. 
Data on previous occupational and non-occupational exposure to asbestos, by type of sector and activity, was also collected through 
an analytical questionnaire, administered to the patient or his closest relatives. 
Between 1996 and 2022 were registered, 3,357 cases of MM classified as certain (2,870 cases, 85.5%), probable (174 cases, 5.2%), and 
possible cases (313 cases, 9.2%). The greatest number of cases were recorded for the pleura (3,081) and the peritoneum (245). The 
province of Bologna (741 cases), Reggio Emilia (508 cases), Parma (390 cases), and Modena (370 cases) recorded the highest number 
of cases, most of them were registered at age 75+ (1,575 cases).
Concerning exposure, 70.5% were defined as professional, 5.9% familiar, 2.2% as environmental, and 1.4% as extra professional. The 
majority of males had occupational exposure (83.3%) in comparison with 34.3% of women, who showed also family exposure in 20.3% 
of cases. Bologna confirms the primacy for professional and environmental exposure cases, Reggio Emilia for familiar, and Parma and 
Bologna for extra-professional exposure. 
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Impact statement: This paper provides 27 years of informa-
tion on MM diagnosis and asbestos exposure, by age, sex, and 
province of residence.

INTRODUCTION 
Malignant mesothelioma (MM) represents the most 
frequent primary neoplasm of the mesothelium (1). 
It can originate from the pleura, peritoneum, peri-
cardium, or tunica vaginalis of the testis. Exposure 
to asbestos, whether occupational, environmental, 
or familial, accounts for 90% of cases of mesotheli-

oma, especially those with pleural origin (2-5). Due 
to its nature as an occupational disease, a nation-
al surveillance system is active with mandatory re-
porting; for this reason, the National Mesothelioma 
Register (ReNaM) exists in Italy and maintains re-
cords of all cases of MM and asbestos exposure (6). 
Although the use of asbestos has been banned in 
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Italy for nearly 30 years, there has not yet been a 
reduction in the incidence of mesothelioma in our 
country (7), due to the latency between exposure (8) 
to the mineral and the development of the disease. 
The most frequent histology is the epithelioid sub-
type accounting for 70-85% of cases, while the 
more aggressive sarcomatoid and biphasic forms 
are rarer (9). The WHO classification, in addition 
to diffuse mesothelioma, also identifies localized 
mesothelioma, a malignant neoplasm that ap-
pears as a single mass without clinical or histolog-
ical evidence of diffusion on the serosa (10). The 
diagnostic gold standard is represented by pleural 
biopsies performed using video-assisted thoracos-
copy (VATS) (11). However, a cytological examina-
tion of pleural fluid or percutaneous biopsy could 
be performed in selected cases (12).
Historically, age, sex, tumor grade and stage, and 
histology have been shown to be independent 
prognostic factors. Notably, worse prognosis has 
been reported for non-epithelioid histology versus 
the epithelioid subtype. The standard treatment is 
chemotherapy with a platinum derivative in com-
bination with pemetrexed in epithelioid subtype 
(13). Recently, immunotherapy with the nivolumab 
ipilimumab combination has been approved in the 
first-line setting, although its use as a ‘one size fits 
all’ approach is highly debated (14-15). 
Second-line treatment consists of gemcitabine or 
vinorelbine, rechallenged with pemetrexed-based 
regimens. A phase 2 study demonstrated increased 
survival from the addition of ramucirumab, a mon-
oclonal antibody directed against the vascular en-
dothelial growth factor receptor, to gemcitabine 
compared to second-line gemcitabine alone (16). 
Conversely, a Phase 3 study failed to demonstrate 
a progression-free interval (PFS) advantage of an 
immunotherapeutic approach with pembrolizum-
ab (PD-1 inhibitor over standard chemotherapy in 
previously chemotherapy-exposed patients (17). 
Nevertheless, because of the rarity and serious 
prognosis of this disease, patient participation in 
clinical trials should be further encouraged (18).
Furthermore, the progressive elimination of as-
bestos from public and private environments rep-
resents a fundamental condition for achieving a 
continuing reduction in MM incidence (8). In Ita-
ly, asbestos was definitively banned in April 1994 
(see Law 257/92); nevertheless, the long latency 
time between the exposure beginning and the 
onset of the disease, associated with the length-
ening of life expectancy, and the improvement of 

diagnostic techniques, such as modern imaging 
techniques and advances in immunohistochemi-
cal staining, which have contributed to optimized 
MM diagnosis, have ultimately led to an increase 
in the incidence of MM in recent years (19, 20). The 
incidence of mesothelioma in several countries 
reflects historical patterns of commercial use of 
asbestos over the past century, and the predom-
inant occupational exposures support the finding 
that mesothelioma is mostly diagnosed in males.  
MM remains a fatal cancer with a very poor prog-
nosis, with a median survival of approximately 10 
months from diagnosis (19, 21). Survival is highly 
variable, however, most people live for about a 
year after diagnosis. Efforts to improve and main-
tain the quality of life of mesothelioma patients re-
main a priority (22).
This study aims to report the incidence of MM in 
the period 1996-2022 with the related exposure to 
asbestos.

MATERIALS AND METHODS
The Regional ReM (Mesothelioma Registry), active 
since 01/01/1996, is a Cancer Registry (CR) specif-
ically dedicated to the study of the incidence and 
etiology of MM. The ReM’s objectives include iden-
tifying all cases of MM, gathering data for an ac-
curate diagnostic definition, and standardizing the 
attribution of professional or extra-work asbestos 
exposure. The ReM additionally acts as the Emil-
ia-Romagna COR (Regional Operational Centers) 
functions. In addition to the reports of the patho-
logical investigations performed, medical records 
of significant hospitalizations carried out in public 
and private, regional, or extra-regional health insti-
tutes are collected. 
The cases are collected from 1996 to 2022: how-
ever, the standardized rates and trends have been 
calculated up to 2021, because for 2022 the defin-
itive link with the Cancer Registries is still missing. 
Incidence data are collected following the rules of 
population CRs (23) and coded by site and mor-
phology according to ICDO-3 (24).
A trained group of professionals collects informa-
tion on asbestos exposure by following an analyt-
ical questionnaire developed at the national level 
by National ReNaM (25). The detection network 
tends to acquire in real time the reports of new 
cases just diagnosed, for the early collection of the 
information on anamnestic exposure required di-
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Table 1. Distribution of cases by diagnostic definition.

N. CASES DIAGNOSTIC DEFINITION

MM
CERTAIN

2,870
(85%)

Histology presents with characteristic morphological picture; characteristic/
suggestive/absent immuno-histochemistry + diagnostic confirmation by imaging/
clinical diagnosis of discharge

MM
PROBABLE

174
(5%)

Histology presents with dubious morphological picture or cytology with 
characteristic picture + diagnostic confirmation by imaging/clinical diagnosis of 
discharge

MM
POSSIBLE

313
(10%)

Absent histology/cytology, indicative clinical and radiological data + diagnosis of 
MM CC discharge

TOTAL 3,357  

rectly from the patient. A panel of experts (which 
includes an occupational doctor, etc.) evaluates 
and discusses any exposure to asbestos and eval-
uates whether this is of a professional or environ-
mental nature, etc.
Periodically (every 6 months) a link is made with 
the regional CRs to verify the completeness and 
accuracy of the information collected.

RESULTS 
Between 1996 and 2022 in Emilia Romagna 3,357 
MM were registered. Most of the cases (2,870 cas-
es, equal to 85.5%) were classified as certain, 174 
as probable (5.2%), and 313 (9.2%) as possible cas-
es (Table 1). Eight cases were registered with the 
death certificate only (DCO) but they are not in-
cluded in the incidence analyses. The exclusion of 
DCOs was implemented in this analysis as is usual-
ly done by Population Cancer Registries: analyses 
of incidence and survival never include DCOs (26).
Table 2 shows the distributions by site and year 
of diagnosis. Of the 3,357 tumors, 3,081 originat-
ed in the pleura, 245 in the peritoneum, 10 in the 
pericardium, and 21 in the testis. Until 2001 there 
were fewer than 100 cases per year. In 2011-2012 
a peak was reached with over 150 cases and the 
trend maintained stable in recent years. The trend 
of cases is largely related to the growth in pleural 
tumors which have increased since the early 2000s 
and show no indication of decreasing.
As for age (Table 3), there is a strong gradient for 
pleural MM in both sexes. Most of the cases are 
recorded in ages 75+ (1,575), followed by 65-74 

(1,069), 508 in ages 55-64, 157 cases in ages 45-54, 
and 48 cases were recorded in patients <45 years.
The distribution of cases and incidence rates, stand-
ardized (TSD - Tasso di Standardizzazione Diretto) 
on the Italian population, divided by males and 
females, are shown in Figure 1. Bologna (741), 
followed by Reggio Emilia (508), Parma (390) and 
Modena (370) are the provinces recording the 
highest number of cases. The highest standard-
ized rates were accounted for in males registered 
in Reggio Emilia (5.6), Piacenza (5.1), and Ravenna 
(4.8); while in females, the highest rates are found in 
Reggio Emilia (2.2), followed by Parma (1.5). The in-
cidence trend of all cases of MM by gender and year 
is shown in Figure 2. The trend shows a slight in-
crease in the incidence in both males and females.
Of the 3,357 cases of MM, information on exposure 
to asbestos was collected in 2,887 cases, 206 were 
not defined and 264 were not classifiable (Table 
4). 80% of patients were exposed to asbestos: 87% 
male and 62% female. Among males, 83.3% had 
occupational exposure and among women, 34.3% 
had occupational and 20.3% family exposure.
The distribution by exposure and province of resi-
dence is shown in Table 5. The largest number of 
patients with mesothelioma caused by occupation-
al exposure is recorded in Bologna (442), followed 
by Reggio Emilia (341), Parma (247), and Ravenna 
(230).
Considering the working sector involved, most of 
the asbestos exposure is recorded in the construc-
tion sector and the railway sector (Table 6), mainly 
in males. Women, in general, are less affected, but 
most of the cases are recorded in the sectors of 
sugar refineries and the production of cement.



112

Vol. 3(3), 109-118, 2023

Table 2. Distribution of cases by site and year of diagnosis.

YEAR SITE TOTAL

Pleura Peritoneum Pericardium Testis

1996 63 8 - 2 73

1997 70 7 3 - 80

1998 77 4 1 1 83

1999 67 6 - - 73

2000 76 9 - 1 86

2001 88 6 - 2 96

2002 98 15 - 1 114

2003 97 6 1 1 105

2004 110 8 2 - 120

2005 107 10 - 2 119

2006 100 7 - - 107

2007 101 14 - - 115

2008 122 9 - 1 132

2009 111 11 - - 122

2010 117 12 1 - 130

2011 144 10 - 1 155

2012 142 10 1 2 155

2013 146 5 - 1 153

2014 121 11 - 1 133

2015 141 10 - - 151

2016 150 10 - - 160

2017 146 10 - 1 157

2018 143 14 - - 157

2019 138 8 - - 146

2020 135 7 1 1 144

2021 148 9 - 1 158

2022 123 9 - 2 134

Total 3,081
92%

245
7%

10
0.3%

21
0.7% 3,357

Table 3. Distribution of cases by sex, site, and age at diagnosis.

AGE MALE FEMALE TOTAL

Pleura Peritoneum Pericardium Testis Pleura Peritoneum Pericardium

<45 19 9 - 4 11 5 - 48

45-54 94 10 - 5 38 9 1 157

55-64 348 26 - 3 104 25 2 508

65-74 744 46 4 4 240 30 1 1,069

75+ 1,056 48 1 5 427 37 1 1,575

Total 2,261 139 5 21 820 106 5 3,357



113

Vol. 3(3), 109-118, 2023

DISCUSSION
This work aims to report the incidence data and as-
bestos exposure of MM in a region of North Italy. 
The data are collected from a specialized Cancer 
Registry and, among the first objectives of a CR, 
are the accuracy and completeness of the cases 
(27). These two objectives seem to be achieved 
in this work since 91% of the cases have a micro-
scopic confirmation, often supported by immuno-
histochemistry, and because the involvement of a 
regional network and the link with population CRs 
ensures the non-loss of cases.

The study reports 3,357 cases of MM registered 
in Emilia-Romagna from 1996 to 2022. In 26 years 
of registration, 3,357 cases of MM were collected, 
mainly involving pleura (92%). Few cases were de-
tected in the peritoneum (7%), and very few in testis 
(0.7%), and pericardium (0.3%). Our incidence over-
laps that reported in the literature even if the high 
number of cases of the extra-pleura cases seems 
more linked to a specific ability of the CR to intercept 
these neoplasms than to a higher incidence (28-30). 
Over the years there has been an increase in diagno-
ses, especially involving the pleura, which reached 
100 cases per year in the early 2000s and 150 cases 

Table 4. Distribution of malignant mesothelioma by type of exposure and sex.

TYPE OF EXPOSURE MALE FEMALE TOTAL
N. cases % N. cases % N. cases %

Professional 1,774 83.3 260 34.3 2,034 70.5

Familiar 17 0.8 154 20.3 171 5.9

Environmental 31 1.4 33 4.4 64 2.2

Extra Professional 20 1.0 19 2.5 40 1.4

Improbable 63 3.0 87 11.5 150 5.2

Unknown 223 10.5 205 27.0 428 14.8

Total of defined cases     2,129 100.0 758 100.0 2,887 100.0

To be defined 140 5.8 66 7.1 206 6.1

Not classifiable 157 6.5 107 11.5 264 7.9

Total of incident cases 2,246 931 3,357

Table 5. Distribution of cases by type of exposure and province of residence.

TYPE OF 
EXPOSURE N. CASES

 Piacenza Parma Reggio 
Emilia Modena Bologna Ferrara Ravenna Forlì-

Cesena Rimini
Emilia-

Romagna 
E-R

Professional 162 247 341 184 442 192 230 147 89 2,034

Familiar 14 21 40 10 39 20 8 9 10 171

Environmental 3 14 9 6 21 3 3 4 1 64

Extra-
professional 5 8 1 4 8 2 6 4 2 40

Improbable 12 20 8 15 41 14 24 8 8 150

Unknown 46 52 28 44 121 36 43 36 22 428

To be defined 4 9 72 45 27 17 26 1 4 206

Not classifiable 35 19 9 62 42 44 6 27 20 264

Total 282 390 508 370 741 328 346 236 156 3,357
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Table 6. Distribution of occupational exposure to asbestos by the main sector of economic activity and sex. 

PRODUCTION SECTOR MALE FEMALE TOTAL

N. cases % N. cases % N. cases %

Constructions 282 15.9 1 0.4 283 13.9

Constructions/Repair Railway Rolling 
Stocks 204 11.5 3 1.2 207 10.2

Engineering industry 167 9.4 14 5.4 181 8.9

Sugar Refineries/Other Food Industries 121 6.8 43 16.6 164 8.1

Production of Cement/Asbestos Products 98 5.5 33 12.7 131 6.5

Production of Chemical/Plastic Material 107 6.0 6 2.3 113 5.6

Building Completion Works 94 5.3 2 0.8 96 4.7

Glass / Ceramic/Rubber Manufacturing 64 3.6 24 9.2 88 4.3

Transportation 84 4.7 4 1.5 88 4.3

Production/Repair Vehicles (no trains and 
ships) 76 4.3 6 2.3 82 4.0

Manufacturing/Processing of Metallic 
Products 63 3.6 5 1.9 68 3.3

Textile industry 39 2.2 17 6.5 56 2.8

Trade 45 2.5 10 3.8 55 2.7

Production Electricity, Gas, Water 48 2.7 - - 48 2.4

Social Services/Recreational Activities/
Healthcare 22 1.2 21 8.1 43 2.1

National Defense 38 2.2 1 0.4 39 1.9

Agriculture/Animal breeding 26 1.5 13 5.0 39 1.9

Metallurgical Industry 33 1.9 4 1.5 37 1.8

Other Manufacturing Industries 30 1.7 3 1.2 33 1.6

Other 133 7.5 50 19.2 183 9.0

Total 1,774 100.0 260 100.0 2,034 100.0

Figure 1. ReM cases 1996-2022. Distribution of cases and standardized rates by province of residence (TSD). 
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since 2010 and the trend does not seem to be de-
creasing. Because all suspended and suspect diag-
noses will be validated in the next months, the 134 
MM observed in 2022 should not be interpreted as a 
definitive decrease in incidence. On the other hand, 
as previously documented (31), a late influence of 
Covid-19 on a decline in new diagnoses delayed 
compared to the initial waves cannot be disregard-
ed. The trend is also confirmed by the standardized 
incidence rate which had doubled in our region go-
ing from 2.4 x 100,000 in 1996 to 3.9 in 2021 in males, 
while in females the trend was more constant. 
In the literature, the MM trend shows variable 
rates with a decrease in some countries and sta-
bility or an increase in others, always linked to the 
various actions to remove the use of asbestos in 
production activities (8, 32, 33).
MM is a typical tumor of the elderly (46.9% of tum-
ors resulted in age 75+ and 31.9% between 65-74 
years), but cases diagnosed at a younger age are 
not uncommon (48 cases <45 years and 147 cas-
es between 45-54 years). It should be noted that 
pleural mesothelioma at a young age has an M/F 
ratio of 1.7 while in later ages it is equal to 3:1, while 
for peritoneal tumors the ratio is almost always 1:3. 
The presence of cases of MM before the age of 45 is 
surprising given that in recent years more and more 
evidence documents a latency between exposure 
and onset of the disease around the age of 40 (34, 35). 
The distribution of cases by province is very inter-
esting in our region, reflecting well the employment 
of workers in some production sectors and the em-

ployment of women in some companies existing in 
the area. The standardized rate in Emilia-Romagna 
in 2017 was 4.0 in males and 1.2 in females, slightly 
higher than the standardized rate recorded in Italy 
(36). In our study, the highest rate was recorded in 
Reggio Emilia in both males and females (5.6 and 
2.2, respectively), followed by Piacenza (5.1) and 
Ravenna (4.8) in males and Parma in females (1.5). 
This high rate is in line with the presence in the 
province of Reggio Emilia of a high percentage of 
females working in the production of asbestos-ce-
ment products in the post-war period (37).
As far as exposure is concerned, it should be noted 
that the questionnaire was completed in 2,887 cases 
(86%) and, in most cases, directly from the patient’s 
hands-free voice. To thoroughly collect exposure 
data, “real-time” enrolment is preferable (38). Asbes-
tos exposure was confirmed in 80% of cases (86.6% 
in males and 61.4% in females). Among men, occupa-
tional exposure was recorded (83.3% of cases), while 
familiar, environmental, and extra-work exposures 
are very low (Table 4). In women, on the other hand, 
34% of cases have professional exposure, 27.2% 
non-professional, 11.5% improbable and unfortu-
nately 27% have unknown exposure in which, despite 
the available documentation, it has not been possible 
to identify with certainty a possible expository source. 
Occupational asbestos exposure is most often report-
ed in men working in industries such as construction 
and manufacturing. In the United States, the age-ad-
justed death rate per 1 million women declined sig-
nificantly, from 4.83 in 1999 to 4.15 in 2020: the larg-

Figure 2. Standardized incidence rates on the Italian population x 100,000 by year and sex. Year 1996-2021.
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est number of deaths was associated with the health 
care and social assistance industry (15.7%) and home-
maker occupation (22.8%) (39). Asbestos exposure is 
mentioned in only a few of the studies that include 
women. We estimate that the risk of MM among fe-
males is close to that of males. The absence of de-
tailed exposure histories should be rectified in future 
studies involving women (40).  In the Emilia-Romagna 
Region, the production sectors most involved in the 
onset of MM were building constructions (subjects 
distributed evenly throughout the region) in 13.9% 
of cases, construction/repair of railway rolling stock 
(cases mostly resident in the provinces of Bologna 
and Reggio Emilia) in 10.2%, metalworking industry 
(8.9%), sugar refineries/other food industries (8.1%), 
and production of asbestos cement products (6.5%). 

CONCLUSIONS
The study systematically collects MM data recorded 
in a region of northern Italy. The high percentage of 
microscopic confirmations and the large number of 
questionnaires administered to patients allowed to 
collect detailed information in a high percentage of 
cases. Unfortunately, the lack of data such as stage of 
the disease, diagnostic procedures, treatment, and, 
above all, quality of life of patients, represent a limi-
tation to population-based registration. MM remains 
a low-incidence but high-mortality disease. It is nec-
essary to keep the attention of health professionals, 
citizens, and the scientific community high on this dis-
ease to ensure patients the best treatment options 
and, on the other hand, the recognition of an indem-
nity when occupational exposure is recognized.
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