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SUMMARY

Malignant mesothelioma is closely connected to asbestos exposure, with epidemiological patterns closely reshaping the
geography and history of asbestos exposure. Mechanisms of causation and of interaction of asbestos fibres with pleura
are complex and currently not yet completely understood. Curative efforts so far provided little results. Italy shows
one of the highest incidence of MM and developed a network of specialized cancer registries in order to monitor dis-
ease occurrence and describe its epidemiology in details. The second Italian Consensus Conference on Pleural
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MAGNANI ET AL

THE SECOND ITALIAN CONSENSUS CONFERENCE

ON PLEURALMESOTHELIOMA

The second Italian Consensus Conference on
Pleural Mesothelioma convened in Torino on No-
vember 24th-25th, 2011. Besides the main consensus
report summarizing the contribution of the differ-
ent expertises, that was published elsewhere (99),
the participants in ‘Public Health and Epidemiolo-
gy’ section decided to report in major details the
evidence and the conclusions regarding epidemiol-
ogy, causative mechanisms and the public health
impact of the disease.

DESCRIPTIVE EPIDEMIOLOGY OFMALIGNANT

MESOTHELIOMA (MM)

The occurrence of MM showed an increasing
trend in recent decades, more evident in industrial-
ized countries, which was related to asbestos expo-
sure and its temporal variation (16, 79, 93). In Italy
incidence rate (age adjusted) of pleural MM esti-
mated by the Italian Registry of Malignant
Mesothelioma (ReNaM) in 2008 was 3.6 cases per
100.000 person-year in men and 1.3 in women

(64). Corresponding rates for peritoneal MM were
0.24 and 0.12. Italy shows one of the highest rates
in the world. Descriptive epidemiology data (in
particular gender differences and geographic varia-
tion) correspond to the distribution of asbestos ex-
posure (64, 66, 70, 71). In 2008 the overall number
of incident cases of MM in Italy, as recorded by
ReNaM, was 1,422 (64).

CAUSES OFMM

Asbestos exposure

Asbestos is a trade name encompassing various
fibrous silicates employed in several industries. As-
bestos belongs to two groups: amphiboles (crocido-
lite, amosite, tremolite, anthophyllite, actinolite)
and serpentine (chrysotile) (26, 33, 48, 90). The
International Agency for Research on Cancer
(IARC) and the National Toxicology Program –
Report on Carcinogens (RoC) rated all asbestos
types as human carcinogens; the tumour types
caused by asbestos include MM (47, 48, 90). A
general consensus exists that amphiboles are more
potent in causing MM than chrysotile but the ex-
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Mesothelioma convened in Torino on November 24th-25th, 2011. Besides the main consensus report summarizing
the contribution of the different expertises, that was published elsewhere, the participants in ‘Public Health and
Epidemiology’ section decided to report in major details the evidence and the conclusions regarding epidemiology,
causative mechanisms and the public health impact of the disease.

RIASSUNTO

«Il Mesotelioma Maligno della Pleura: Quesiti Epidemiologici e per la Sanità Pubblica. Rapporto della Secon-
da Conferenza di Consenso Italiana sul Mesotelioma della Pleura». Il Mesotelioma Maligno è strettamente asso-
ciato all’esposizione ad amianto, tanto che la sua epidemiologia ripercorre strettamente geografia e storia dell’uso di
tale sostanza. I meccanismi causali e di interazione tra tessuto pleurico e fibre sono complessi e non interamente co-
nosciuti. Gli sforzi per individuare terapie non hanno finora sortito risultati adeguati. In Italia, dove l’incidenza
della patologia è fra le più alte al mondo, si è formata una rete di registri specializzati per monitorare e descrivere
l’andamento e le caratteristiche epidemiologiche della malattia. La seconda Conferenza di Consenso Italiana sul
Mesotelioma Pleurico è stata riunita a Torino il 24-25 Novembre 2011. Oltre a contribuire insieme alle discipline
degli altri gruppi di lavoro al documento globale di consenso, i partecipanti al gruppo di lavoro ‘Sanità Pubblica ed
Epidemiologia’ hanno ritenuto opportuno riferire in maggior dettaglio le evidenze considerate e le conclusioni rag-
giunte relativamente ad epidemiologia, meccanismi causali ed impatto di sanità pubblica del Mesotelioma Maligno
Pleurico in Italia.
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tent of the difference is still debated (28). In the
case of asbestos, exposure is mainly determined by
inhaled airborne fibres that deposit in the lung
alveoli and further migrate to the pleura and to
other organs. Exposure may be broadly classified
as: i, occupational exposure in asbestos mining and
in jobs involving asbestos fibres; ii, occupational
exposure in trades using asbestos containing mate-
rials; iii, bystander exposure in workplaces where
asbestos materials are present and possibly mobi-
lized; iv, domestic exposure as family members of
asbestos workers; v, environmental exposure conse-
quent to dwelling in proximity of asbestos mining,
dismissed asbestos industries or deposits of as-
bestos tailings; vi, environmental exposure to nat-
ural occurring asbestos (NOA); vii other exposures.
The extension of asbestos exposure in industrial
countries and its association with MM are at the
basis for the call of a Global Asbestos Ban (113).

Causal association ofMM and other asbestiform
natural mineral fibres

Other naturally occurring fibrous minerals
which share basic chemical composition and fi-
brous morphology with asbestos, are indicated as
“asbestiform minerals” (48). They had no or limited
industrial use. Some are causally associated to MM
in humans. They include: erionite, a fibrous zeolite,
which caused several MM cases in Cappadocia
(Turkey) (9) but is also present in other areas (24);
fluoro-edenite, recently discovered in the town of
Biancavilla Etnea in Sicily, following the discovery
of several cases of MM in a restricted area (22); as-
bestos contaminated vermiculite and a variety of
asbestiform minerals (tremolite-actinolite, rich-
terite e winchite) which caused a MM epidemics
in Libby, Montana (USA), both in miners and in
local dwellers (119).

Causal association ofMM and non-occupational
exposure to asbestos or asbestiformmineral fibers

Risk of pleural MM is increased after non-occu-
pational exposure to asbestos and asbestiform min-
eral fibres. The evidence concerns both asbestos
groups (chrysotile and amphiboles) (47, 51) and

asbestiform minerals (zeolite, richterite, winchite
and fluoro-edenite) (9, 22 119). An increased risk
was detected following anthropic (47) and natural
(91) environmental exposure, as well as domestic
exposure (34, 45). ReNaM estimated that 8.3% of
pleural MM in Italy are a consequence of non-oc-
cupational exposure, with wide variation among
Italian regions (76).

Manmade mineral fibres (MMMF) andHARNs
(High Aspect Ratio Nanomaterials)

Various types of man made mineral fibres
(MMMF) have been developed and produced as
asbestos subtitutes. MMMF were classified by
IARC (50) with various degrees of evidence for
their carcinogenicity and possible causation of
MM in humans. MM were observed in laboratory
animals but not in epidemiological studies after ex-
posure to ceramic fibres (52, 117). Incidence of
MM was increased in rats after intra peritoneal in-
jection of slag wool fibres (50). There is no evi-
dence of MM induced after exposure to glass-
wool, both in animal and in epidemiological stud-
ies (50, 90).
Experimental animal studies on whiskers

showed the occurrence of MM following airborne
exposure to potassium titanate whiskers (1, 57) and
after intrapleural injection of silicon carbide
whiskers (1, 52).
As regards HARNs (High Aspect Ratio Nano-

materials) similarities between asbestos and carbon
nanotube were reported but conflicting data were
obtained in experimental studies. MM and peri-
toneal lesions were observed after intraperitoneal
(101), intrapleural (111) and intrascrotal (107) in-
jection with some kinds of carbon nanotubes. Op-
posite results were presented by a chronic toxicity
experimental study that did not show association
with cancer occurrence (83).
Asbestos exposure should be always suspected

for MM cases. Occupational exposure is the most
likely, but also non-occupational exposure should
be thoroughly investigated, in particular when oc-
cupational exposure is unlikely. Contribution of as-
bestiform minerals or other fibrous materials must
be considered.
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MECHANISMS OF ASBESTOS CARCINOGENICITY

RELEVANT FORMM

Toxic effects of asbestos fibres are related to
their dimension and surface properties. It was early
shown in experimental studies that fibres longer
than 5 µm and thinner than 0.1 µm have the high-
er potential to cause MM; (according to the early
studies by Stanton relevant measures were length
>8 µm and diameter <0.25 µm (110)). However,
very short fibres were observed in pleural and pul-
monary samples thus a possible role also of fibres
shorter than 5 µm cannot be excluded (47, 89).
The surface activity of fibres depends upon crystal
structure, chemical composition, origin of the min-
eral, poorly coordinated metal ions contaminants.
Iron ions appear to be the catalytic site for the gen-
eration of free radicals and reactive oxygen species.
Thin fibres can reach terminal bronchioles and

alveoli. Alveolar macrophages can phagocyte the
fibres shorter than 14-25 µm (i.e. macrophage di-
ameter) but are damaged by longer fibres (frustrat-
ed phagocytosis) and eventually die, releasing pro-
inflammatory cytokines and reactive oxygen species
(ROS). Bio-persistent fibres (i.e. the fibres that are
neither phagocytosed nor altered by physical-
chemical actions) may pass through the bronchial
epithelium, and attain the pleura, the peritoneum
or even other locations. The fibres can interact
with tissues for very long time (12, 47, 78). The
mechanism of malignant transformation is incom-
pletely understood: MM is clinically evident after
an average period of three or more decades since
the beginning of asbestos exposure: during this pe-
riod a complex set of genetic and molecular alter-
ations take place (46), which are still partially ob-
scure (18, 25).
Several mechanisms of action of asbestos fibres

have been hypothesized (54). Activation of alveolar
macrophages causes a continuous release ROS and
nitrogen reactive species (RNS) which cause muta-
tions, DNA breaks and oxidization of DNA bases
(46). Asbestos fibres interfere mechanically with
the mitotic spindle, causing aneuploid or polyploid
cells. Persistent inflammation and chronic oxidative
stress have been associated to the activation of in-
tracellular signal transduction, to the inhibition of

apoptosis and to stimulation of cellular prolifera-
tion. ROS and RNS also cause tissue damage and
genetic alterations.
The alteration at the molecular level that are rel-

evant for MM pathogenesis in humans include au-
tocrine stimulation of cell growth with the activa-
tion of the genes coding for growth factors and re-
ceptors (HGF/MET, EGFR, PDGF, IGF-1); in-
activation of oncosuppressor genes, increased ex-
pression of VEGF and angiogenesis; increased re-
sistance to apoptosis with activation and increased
expression of AKT e BCL-X (6, 47, 84).
Epigenetic alterations including global DNA

ipo-metilation and iper-metilation of the promot-
ers of specific genes (which are inactivated) were
observed. These effects may confer a competitive
advantage to pre-neoplastic mesothelial cells in an
environment characterized by continuous tissue
microlesions and a chronic oxidative stress (27).
The role of inflammation in causing neoplastic
transformation of cells (8) is relevant for mesothe-
lial cells too (62, 63, 120). Overall the processes
and the alterations that favour the development of
MM after asbestos fibres interaction with target
cells and with macrophages can be summarized as
follows: Microenvironment with persistent inflam-
mation and chronic oxidative stress; direct and in-
direct genotoxic alterations; chromosomal alter-
ations; epigenetic alterations. These alterations
cause the activation of pathways regulating cell cy-
cle, inactivation of oncosuppressor genes, resistance
to apoptosis; acquired genomic instability and neo-
angiogenesis.

OTHER CAUSAL FACTORS FORMM

Ionizing Radiation

Research on causes of MM other than asbestos
and mineral fibres focused on ionizing radiation
and viruses. The cohort studies on Thorotrast ex-
posed and on subjects medically treated with ioniz-
ing radiation showed an increased risk of MM,
both pleural and peritoneal, depending on the body
area that was treated (41). Exposure to ionizing ra-
diation and to Thorotrast explains a minimal pro-
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portion (1.7%-4.7%) of MM cases occurring each
year in Italy.

Viruses

Recent research no longer supports the hypothe-
sis of a causal association with SV40 viral infection
(39, 55, 59, 60, 109).

Individual risk factors forMM

Family clusters of MM cases may suggest genet-
ic predisposition but the likely hypothesis of com-
mon asbestos exposure must be carefully investigat-
ed (7, 116). In a study including over 1500 MM
cases registered in three specialized MM registries,
family clusters included only 1.38% of the cases
(7).
Some studies carried on in Italy and in Finland

on genetic risk for MM suggested a possible asso-
ciation between MM risk and polymorphisms of
genes active in the repair of DNA damaged by
oxydative stress. Risk of MM was increased be-
tween 2 and 4 times, in addition to the risk in-
duced by asbestos (17, 40, 87). BAP1, an oncosup-
pressor associated to melanocytic neoplasms, was
investigated in two studies on MM (20, 114). Testa
et al (114) hypothesize a ‘BAP1-associated neo-
plastic syndrome’: in affected subjects, after as-
bestos exposure MM is the main disease.

RELATIONSHIP BETWEEN ASBESTOS EXPOSURE

ANDMMOCCURRENCE

The main factors modelling MM risk include fi-
bre type, exposure and time.

Dose-response relationship between asbestos
exposure andMMoccurrence

A systematic revision of the studies presenting
results on MM occurrence (mortality or incidence)
by cumulative exposure dose (3, 15, 30, 36, 37, 51,
56, 58, 86, 96, 100, 102, 103) clearly showed a pro-
portional relation of MM risk with dose [details in
the supplementary material]. The study on the co-

hort of crocidolite miners in Wittenoom also pre-
sented results in respect to intensity and duration
separately: proportionality was observed for both
exposure metrics (85).
A further systematic revision was conducted on

the studies presenting results on MM occurrence
(mortality or incidence) by fibre burden (4, 72, 73,
82, 104, 105, 115) and proportionality of risk and
exposure was also observed [details in the supple-
mentary material].
Estimation of cumulative dose is difficult and er-

rors may affect retrospective evaluation of exposure.
Dose is a synthetic measure and any reported result
should also separately evaluate intensity and its time
variation. Assessment of fibre burden in electronic
microscopy is complex because of technical difficul-
ties and inter-laboratory comparability is limited.
Moreover fibre burden at the sampling time may
not represent accurately the life-long distribution of
fibre burden relevant for the carcinogenic process.
However little doubt remains about the proportion-
al relation of cumulative dose and MM occurrence,
both pleural and peritoneal (11, 19, 44).

Temporal relation between asbestos exposure and
MMoccurrence (latency)

Incidence of MM after asbestos exposure in-
creases proportionally to exposure multiplied by a
power (3 or 4) of time since exposure (the interval
since first exposure is usually called latency). Time
since exposure gives more weight to exposures that
occurred early. (19, 43, 88, 96-98). The Health Ef-
fects Institute (HEI) review (43), presents in de-
tails formulas relating MM occurrence with dose
and time from exposure, according to duration of
exposure (brief or extended) and constant or vari-
able exposure. Some authors also included a mini-
mum latency time (usually 10 years), corresponding
to the shortest time assumed for the occurrence of
a MM (43, 88, 97).
These models assume that MM incidence con-

stantly increases with time since exposure, with no
upper limit. They were based on the information
provided by the early cohorts, with a follow-up of
at most 40 years since first exposure (88, 97, 98).
Recent reports include longer periods of observa-
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tion, based on several cohorts followed-up for 50
years or longer. Regarding pleural MM the risk in-
crease was not as expected by the traditional mod-
els but showed an attenuation; on the contrary a
continuing increase was observed for peritoneal
MM (14, 42, 58, 74, 108). Statistical models were
presented either including a term for the reduction
of asbestos fibres burden (10, 14) or based on the
two stages and clonal expansion model (81, 112).
The latter allows for the separate modellization of
induction, clonal expansion and neoplastic progres-
sion.

Biopersistence and clearance of the different
asbestos fibres

Biopersistence of asbestos fibres depends on the
efficacy of the elimination of fibres from pulmonary
and pleural compartments and on physical and
chemical processes, such as dissolution, fragmenta-
tion, transformation and translocation of fibres.
Biopersistence in the lung is greater for amphiboles
than for chrysotile. Clearance is faster for short fi-
bres (macrophage clearance) than for long ones. As-
bestos bodies formation is also a mechanism rele-
vant for the neutralization of inhaled fibres, in par-
ticular for amphibole fibres. Some studies evaluated
asbestos fibre clearance in human lungs, observing a
reduction in asbestos lung burden with time since
exposure cessation (pulmonary clearance), that was
associated to fibre type (faster for the chrysotile fi-
bres than for amphiboles) (5, 13, 29, 31, 35). As
amphiboles are resistant to the chemical processes
active in biologic tissues, the pulmonary clearance is
associated also to translocation mechanisms, which
are still incompletely known (78). Knowledge on
the pathways and mechanisms for transportation of
fibres into the pleural compartment and on the ra-
tio between pulmonary and pleural concentration
are still limited (21, 32, 92).

PROJECTIONS ON FUTURE INCIDENCE OFMM IN

ITALY

Analyses to monitor the MM epidemics and to
forecast future trends have been conducted in dif-

ferent countries. These analyses showed the associ-
ation of MM and asbestos consumption trends (2,
23, 76, 81).
In Italy analyses carried on using different mod-

els agreed in predicting the epidemic peak: accord-
ing to the first model it is expected between 2010
and 2020, with a maximum of about 1000 deaths
per year (94, 95); according to a different model
the peak will occur in 2012-2025 with a maximum
of 800 deaths/year in males (68). Incidence trend
analyses showed that the rate of incidence increase
is slowing, in particular in the countries that first
started asbestos reduction policies or adopted an
asbestos ban. The change is more evident in
younger age classes, that were less exposed (79).
Available results are national averages and are not
addressed to high exposure subgroups. Moreover
Italian estimates are limited to pleural MM in
men.

EPIDEMIOLOGICAL SURVEILLANCE OFMM

A system for the epidemiological surveillance of
MM and for the registration of MM cases is ac-
tive in Italy, and notification is compulsory
(DPCM n. 308/2002). It is organized in Regional
Operational Units - aimed at the collection of
MM cases and of their exposure information - and
in the National Mesothelioma Registry (ReNaM)
aimed at co-ordination and data analyses. ReNaM
is located at the National Institute for Insurance of
Occupational Accidents and Diseases (INAIL).
The 4th report is published and freely available: in
particular it presents data by region and type of
exposure [http://www.ispesl.it/renam/Report.asp].
Specific results were presented in the scientific lit-
erature (65-67, 69, 77, 80). A critical issue in the
organization of epidemiological surveillance of
MM is the need to collect accurate information on
exposure. ReNaM procedures include personal in-
terview as the main source, therefore early notifi-
cation of cases is mandatory. Moreover notifica-
tion of MM to the compensation board is compul-
sory, as for occupational diseases in general (details
available from INAIL and Local Health Authori-
ties).

196

05-magnani:05-magnani  15-04-2013  8:06  Pagina 196



ECONOMICAL IMPACT OFMM

MM diagnosis and treatment represents an im-
portant cost for the National Health Service (106).
Cost per case was estimated as € 15,000 in Scot-
land (118) and € 24,000 in Italy (75). Total annual
cost in Italy is estimated in the order of € 25 mil-
lion.

HEALTH SURVEILLANCE OF ASBESTOS EXPOSED

AND EX-EXPOSED

In Italy health surveillance of asbestos exposed
workers is compulsory and must continue after ex-
posure cessation. At present, valid diagnostic tools
for screening programs of MM or lung cancer are
not available. The promising results of clinical tri-
als on lung cancer screening in smokers using CT
scan need verification in respect to asbestos expo-
sure.
Therefore, the main aim of health surveillance

should be: to provide assistance to formerly ex-
posed workers for enquiries regarding health or
compensation related issues; to promote an health-
ier life style and to keep attention on possible med-
ical interventions. Moreover, health surveillance
provides opportunities for collecting information
on exposure history, useful for epidemiological re-
search and for compensation evaluation.

SURVIVAL

According to published data, in Italy median
survival of cases diagnosed in 1990-2001 was 9.8
months, less than 10% of patients was alive after 3
years from diagnosis and 5% after 5 years (80).
Survival of MM cases in Italy is as in other coun-
tries and in international studies (38).
Main determinants of MM survival are the his-

tological type and the stage at diagnosis. In order
to estimate survival variation correctly, individual
prognostic information are needed and should be
available in the clinical record according to a com-
mon data collection form to be used in all clinical
centres.

DISAGREEMENT NOTE FROME. PIRA

Incidence of MM is function of the fibre type,
approximately linear on dose and on the 3rd - 4th
power of latency.
Some studies evaluated the concept of cumula-

tive dose. The computation of cumulative dose as
the product of dose by duration however is a gross
simplification as the relevant time factor for MM is
the latency and not the duration and the effect of
latency is orders of magnitude higher than that of
dose.
Nevertheless, MM risk increases according to a

measure that compounds two factors (dose and du-
ration, the latter taken as a proxy of the latency).
Both factors are associated to MM incidence.
In conclusion, cumulative dose is a misleading

metric and should be used only when data for dis-
tinguishing dose and time factors are not available.

NO POTENTIAL CONFLICT OF INTEREST RELEVANT TO

THIS ARTICLE WAS REPORTED

REFERENCES

1. Adachi S, Kawamura K, Takemoto K: A trial on the
quantitative risk assessment of man-made mineral fibers
by the rat intraperitoneal administration assay using the
JFM standard fibrous samples. Ind Health 2001; 39:
168-174

2. Aguilar-Madrid G, Robles-Pérez E, Juárez-Pérez CA, et
al: Case-control study of pleural mesothelioma in work-
ers with social security in Mexico. Am J Ind Med 2010;
53: 241-251

3. Albin M, Jakobsson K, Attewell R, et al: Mortality and
cancer morbidity in cohorts of asbestos cement workers
and referents. Br J Ind Med 1990; 47: 602-610

4. Albin M, Johanssen L, Pooley FD, et al: Mineral fibres,
fibrosis, and asbestos bodies in lung tissue from deceased
asbestos cement workers. Br J Ind Med 1990; 47: 767-
774

5. Albin M, Pooley FD, Strömberg U, et al: Retention pat-
terns of asbestos fibres in lung tissue among asbestos ce-
ment workers. Occup Environ Med 1994; 51: 205-211

6. Apostolou S, Balsara BR, Testa JR, et al: Cytogenetics of
malignant mesothelioma. In: Malignant Mesothelioma:
Advances in Pathogenesis, Diagnosis and Translational
Therapies. New York: Springer Science & Business Me-
dia, Inc, 2006: 101-111

CONSENSUS CONFERENCE PLEURAL MESOTHELIOMA - PUBLIC HEALTH & EPIDEMIOLOGY 197

05-magnani:05-magnani  15-04-2013  8:06  Pagina 197



MAGNANI ET AL

7. Ascoli V, Cavone D, Merler E, et al: Mesothelioma in
Blood Related Subjects: Report of 11 Clusters Among
1954 Italy Cases and Review of the Literature. Am J
Ind Med 2007; 50: 357-369

8. Balkwill F, Mantovani A: Inflammation and cancer:
back to Virchow? Lancet 2001; 357: 539-545

9. Baris YI, Grandjean P: Prospective study of mesothe-
lioma mortality in Turkish villages with exposure to fi-
brous zeolite. J Natl Cancer Inst 2006; 98: 414-417

10. Barone Adesi F, Ferrante D, Bertolotti M, et al: Long-
term mortality from pleural and peritoneal cancer after
exposure to asbestos. Possible role of asbestos clearance.
Int J Cancer 2008; 123: 912-916

11. Berman DW, Crump KS: A meta-analysis of asbestos-
related cancer risk that addresses fiber size and mineral
type. Crit Rev Toxicol 2008; 38: 49-73

12. Bernstein D. Castranova V, Donaldson K, et al: Testing
of fibrous particles: short-term assays and strategies.
ILSI Working Group on short term fibre testing. Inhal
Toxicol 2005; 17: 497-537

13. Berry G, Rogers AJ, Pooley FD: Mesotheliomas--as-
bestos exposure and lung burden. IARC Scientific Pub-
lication n. 90, 1989: 486-496

14. Berry G, de Klerk NH, Reid A, et al: Malignant pleural
and peritoneal mesotheliomas in former miners and
millers of crocidolite at Wittenoom, Western Australia.
Occup Environ Med 2004; 61: e14

15. Berry G, Newhouse ML, Wagner JC: Mortality from
all cancers of asbestos factory workers in east London
1933-80. Occup Environ Med 2000; 57: 782-785

16. Bertazzi PA: Descriptive Epidemiology of Malignant
Mesothelioma. Med Lav 2005; 96: 287-303

17. Betti M, Ferrante D, Padoan M, et al: XRCC1 and
ERCC1 variants modify malignant mesothelioma risk:
a case-control study. Mutat Res 2011; 708: 11-20

18. Bianchi C, Bianchi T: Susceptibility and resistance in
the genesis of asbestos-related mesothelioma. Indian J
Occup Environ Med 2008; 12: 57-60

19. Boffetta P, Stayner LT: Pleural and peritoneal neo-
plasms. In Schottenfeld D, Fraumeni JF (eds): Cancer
Epidemiology and Prevention. Third edition. Oxford
University Press, 2006: 659-673

20. Bott M, Brevet M, Taylor BS, et al. The nuclear deu-
biquitinase BAP1 is commonly inactivated by somatic
mutations and 3p21.1 losses in malignant pleural
mesothelioma. Nat Genet 2011; 43: 668-672

21. Broaddus VC, Everitt JI, Black B, Kane AB: Non-
neoplastic and neoplastic pleural endpoints following
fiber exposure. J Toxicol Environ Hlt B 2011; 14: 153-
178

22. Bruno C, Comba P, Zona A. Adverse health effects of
fluoro-edenitic fibers: epidemiological evidence and

public health priorities. Ann N Y Acad Sci 2006; 1076:
778-783

23. Burdorf A, Järvholm B, Englund A: Explaining differ-
ences in incidence rates of pleural mesothelioma be-
tween Sweden and the Netherlands. Int J Cancer 2005;
113: 298-301

24. Carbone M, Baris YI, Bertino P, et al: Erionite expo-
sure in North Dakota and Turkish villages with
mesothelioma. Proc Natl Acad Sci USA 2011; 108:
13618-13623

25. Carbone M, Ly MH, Dodson RF, et al: Malignant
mesothelioma: facts, myths and hypotheses. J cellular
Physiology 2011 DOI 10.1002/jcp.22724

26. Case BW, Abraham JL, Meeker G, et al: Applying def-
initions of “asbestos” to environmental and “low dose”
exposure levels and health effects, particularly malig-
nant mesothelioma. J Toxicol Environ Health B Crit
Rev 2011; 14: 3-39

27. Christensen BC, Houseman EA, Godleski JJ, et
al. Epigenetic profiles distinguish pleural mesothe-
lioma from normal pleura and predict lung asbestos
burden and clinical outcome. Cancer Res 2009; 69:
227-234

28. Chrysotile Asbestos Expert Panel. Chrysotile Asbestos
Consensus Statement and Summary Montreal, Quebec
November 13-14, 2007

29. Churg A, Wright JL: Persistence of natural mineral
fibers in human lungs: an overview. Environ Health
Perspect 1994; 102 (Suppl 5): 229-233

30. de Klerk NH, Armstrong BK, Musk AW, Hobbs MS:
Cancer mortality in relation to measures of occupation-
al exposure to crocidolite at Wittenoom Gorge in
Western Australia. Br J Ind Med 1989; 46: 529-536

31. de Klerk NH, Musk AW, Williams V, et al: Compari-
son of measures of exposure to asbestos in former croci-
dolite workers from Wittenoom Gorge, W. Australia.
Am J Ind Med 1996; 30: 579-587

32. Donaldson K, Murphy F, Duffin R, Poland CA:
Asbestos, carbon nanotubes and the pleural mesotheli-
um: a review of the hypothesis regarding the role of
long fibre retention in the parietal pleura, inflamma-
tion and mesothelioma. Part Fibre Toxicol 2010; 7: 5-
22

33. EU. Directive 2009/148/EC of the European Parlia-
ment and of the Council of 30 November 2009 on the
protection of workers from the risks related to exposure
to asbestos at work Official Journal of the European
Union, 16.12.2009 L 330/28

34. Ferrante D, Bertolotti M, Todesco A, et al: Cancer
mortality and incidence of mesothelioma in a cohort of
wives of asbestos workers in Casale Monferrato, Italy.
Environ Health Perspect 2007; 115: 1401-1405

198

05-magnani:05-magnani  15-04-2013  8:06  Pagina 198



35. Finkelstein MM, Dufresne A. Inferences on the kinet-
ics of asbestos deposition and clearance among
chrysotile miners and millers. Am J Ind Med 1999; 35:
401-412

36. Finkelstein MM, Meisenkothen C: Malignant
mesothelioma among employees of a Connecticut fac-
tory that manufactured friction materials using
chrysotile asbestos Ann Occup Hyg 2010; 54: 692-496

37. Finkelstein MM: Analysis of the exposure-response re-
lationship for mesothelioma among asbestos-cement
factory workers. Ann N Y Acad Sci 1991; 643: 85-89

38. Gatta G, Ciccolallo L, Kunkler I, et al: Survival from
rare cancer in adults: a population-based study. Lancet
Oncol 2006; 7: 132-140

39. Gee GV, Stanifer ML, Christensen BC, et al: SV40 as-
sociated miRNAs are not detectable in mesotheliomas.
Br J Cancer 2010; 103: 885-888

40. Gemignani F, Neri M, Bottari F, et al: Risk of malig-
nant pleural mesothelioma and polymorphisms in genes
involved in the genome stability and xenobiotics me-
tabolism. Mutat Res 2009; 671: 76-83

41. Goodman JE, Nascarella MA, Valberg PA. Ionizing ra-
diation: a risk factor for mesothelioma. Cancer Causes
Control 2009; 20: 1237-1254

42. Harding AH, Darnton AJ: Asbestosis and Mesothe-
lioma Among British Asbestos Workers (1971–2005).
Am J Ind Med 2010; 53: 1070-1080

43. HEI Health Effects Institute - Asbestos Research. As-
bestos in public and commercial buildings. Health Ef-
fects Institute - Asbestos Research. Cambridge (MA);
1991

44. Hodgson JT, Darnton A: The Quantitative risks of
mesothelioma and lung cancer in relation to asbestos
exposure. Ann Occup Hyg 2000; 44: 565-601

45. Howel D, Gibbs A, Arblaster L, et al: Mineral fibre
analysis and routes of exposure to asbestos in the devel-
opment of mesothelioma in an English region. Occup
Environ Med 1999; 56: 51-58

46. Huang SXL, Jaurand MC, Kamp DW, et al: Role of
Mutagenicity in Mineral Fiber-Induced Carcinogenici-
ty and other Diseases. J Toxicol Environ Health B Crit
Rev 2011; 14: 179-245

47. International Agency for Research on Cancer. A review
of Human carcinogens: Metals, arsenic, dusts, and fi-
bres. IARC, Lyon, 2012 (IARC Monographs on the
Evaluation of Carcinogenic Risks to Humans. 100 C)

48. International Agency for Research on Cancer: asbestos.
IARC, Lyon, 1977. (IARC Monographs on the Evalu-
ation of Carcinogenic Risks to Humans. 14)

49. International Agency for Research on Cancer: IARC
Monographs on the evaluation of the carcinogenic risk
of chemicals to man: Preamble. IARC, Lyon 2006.

disponibile on line all’indirizzo: http://monographs.
iarc.fr/ENG/Preamble/CurrentPreamble.pdf (accessed
on November 25th, 2011)

50. International Agency for Research on Cancer: Man-
made mineral fibres. IARC, Lyon, 2002. (IARC
Monographs on the Evaluation of Carcinogenic Risks
to Humans. 81)

51. Iwatsubo Y, Pairon JC, Boutin C, et al: Pleural
mesothelioma: dose-response relation at low levels of
asbestos exposure in a French population-based case-
control study. Am J Epidemiol 1998; 148: 133-142

52. Johnson NF, Hahn FF: Induction of mesothelioma af-
ter intrapleural inoculation of F344 rats with silicon
carbide whiskers or continuous ceramic filaments. Oc-
cup Environ Med 1996; 53: 813-816

53. Kanarek MS. Mesothelioma from chrysotile asbestos:
update. Ann Epidemiol 2011; 21: 688-697

54. Kane AB: Mechanisms of Mineral Fibre Carcinogene-
sis. In Kane AB, Boffetta P, Saracci R, Wilbourn J.D.
(Eds): Vol. 140. IARC, 1996

55. Kjaerheim K, Røe OD, Waterboer T, et al: Absence of
SV40 antibodies or DNA fragments in prediagnostic
mesothelioma serum samples. Int J Cancer 2007; 120:
2459-2465

56. Langer AM: Health experience of some US and Cana-
dian workers exposed to asbestos: foundation for risk
assessment. In Nolan RP, Langer AM, Ross M, et al
(eds): The health effects of chrysotile. Canadian Mineralo-
gist Special Publication 5, 2001: 9-20

57. Lee KP, Barras CE, Griffith FD, et al: Comparative
pulmonary responses to inhaled inorganic fibers with
asbestos and fiberglass Environ Res 1981; 24: 167-191

58. Liddell FD, McDonald AD, McDonald JC: The 1891-
1920 birth cohort of Quebec chrysotile miners and
millers: development from 1904 and mortality to 1992.
Ann Occup Hyg 1997; 41: 13-36

59. Lundstig A, Dejmek A, Eklund C, et al: No detection
of SV40 DNA in mesothelioma tissues from a high in-
cidence area in Sweden. Anticancer Res 2007; 27:
4159-4162

60. Magnani C: SV40, genetic polymorphism and
mesothelioma. Pathhological and epidemiologiccal evi-
dence. Med Lav 2005; 96: 347-353

61. Magnani C, Ferrante D, Barone-Adesi F, et al. Cancer
risk after cessation of asbestos exposure: a cohort study
of Italian asbestos cement workers. Occup Environ
Med. 2008; 65: 164-170

62. Manning CB, Vallyathan V, Mossman BT: Diseases
caused by asbestos: mechanisms of injury and disease
development. Int Immunopharmacol 2002; 2: 191-200

63. Mantovani A, Allavena P, Sica A, et al: Cancer-related
inflammation. Nature 2008; 454: 436-444

CONSENSUS CONFERENCE PLEURAL MESOTHELIOMA - PUBLIC HEALTH & EPIDEMIOLOGY 199

05-magnani:05-magnani  15-04-2013  8:06  Pagina 199



MAGNANI ET AL

64. Marinaccio A, et al (eds): Registro Nazionale Mesote-
liomi. Quarto Rapporto. Roma. Istituto Superiore per
la Prevenzione e la Sicurezza del Lavoro. ISBN-978-
88-7484-281-0. INAIL, Roma, 2012. Online:
http://www.inail.it/repository/ContentManagement/inf
ormation/P60775387/ReNam.pdf

65. Marinaccio A, Binazzi A, Cauzillo G, et al: Analysis of
latency time and its determinants in asbestos related
malignant mesothelioma cases of the Italian register.
Eur J Cancer 2007; 43: 2722-2728

66. Marinaccio A, Binazzi A, Di Marzio D, et al: Incidence
of extrapleural malignant mesothelioma and asbestos
exposure, from Italian National register. Occup Environ
Med 2010; 67: 760-765

67. Marinaccio A, Binazzi A, Di Marzio D, et al: Pleural
malignant mesothelioma epidemic. Incidence, modali-
ties of asbestos exposure and occupations involved from
the Italian national register. Int J Cancer 2012; 130:
2146-2154

68. Marinaccio A, Montanaro F, Mastrantonio M, et al:
Predictions of mortality from pleural mesothelioma in
Italy: a model based on asbestos consumption figures
supports results from age-period-cohort models. Int J
Cancer 2005; 115: 142-147

69. Marinaccio A, Nesti M & Regional Operational Cen-
ters: Analysis of survival for mesothelioma cases in the
Italian register (ReNaM). Eur J Cancer 2003; 39: 1290-
1295

70. Mastrantonio M, Belli S, Binazzi A, et al: La mortalità
per tumore maligno della pleura nei comuni italiani
(1988-1997) Rapporti ISTISAN 02/12. Istituti Superi-
ore di Sanità, Roma. ISSN 1123-3117

71. Maule M, Merletti F, Mirabelli D, La Vecchia C: Spa-
tial variation of mortality for common and rare cancers
in Piedmont, Italy, from 1980 to 2000: a Bayesian ap-
proach. Eur J Cancer Prev 2006; 15: 108-116

72. McDonald JC, Armstrong B, Case B, et al: Mesothe-
lioma and asbestos fiber type. Evidence from lung tis-
sue analyses. Cancer 1989; 63: 1544-1547

73. McDonald JC, Armstrong BG, Edwards CW, et al:
Case-referent survey of young adults with mesothe-
lioma: I. Lung fibre analyses. Ann Occup Hyg 2001;
45: 513-518

74. McDonald JC, Harris JM, Berry G: Sixty years on: the
price of assembling military gas masks in 1940. Occup
Environ Med 2006; 63: 852-855

75. Merler E, Bressan V, Bilato AM, Marinaccio A, Grup-
po regionale veneto sui mesoteliomi maligni: I fattori
che influenzano in Italia la domanda e il riconoscimen-
to dei mesoteliomi di origine professionale. Epidemiol
Prev 2011; 35: 331-338

76. Mirabelli D, Cavone D, Merler E, et al: Non-occupa-

tional exposure to asbestos and malignant mesothe-
lioma in the Italian National Registry of Mesothe-
liomas. Occup Environ Med 2010; 67: 792-794

77. Mirabelli D, Roberti S, Gangemi M, et al: Survival of
peritoneal malignant mesothelioma in Italy: a popula-
tion-based study. Int J Cancer 2009; 124: 194-200

78. Miserocchi G, Sancini G, Mantegazza F, et al: Translo-
cation pathways for inhaled asbestos fibers. Environ
Health 2008; 7: 4

79. Montanaro F, Bray F, Gennaro V, et al: Pleural meso-
thelioma incidence in Europe: evidence of some decel-
eration in the increasing trends. Cancer Causes Control
2003; 14: 791-803

80. Montanaro F, Rosato R, Gangemi M, et al: Survival of
pleural malignant mesothelioma in Italy: A population-
based study. Int J Cancer 2009; 124: 201-207

81. Moolgavkar SH, Meza R, Turim J: Pleural and peri-
toneal mesotheliomas in SEER: age effects and tempo-
ral trends, 1973-2005. Cancer Causes Control 2009;
20: 935-944

82. Mowé G, Gylseth B, Hartveit F, Skaug V: Fiber Con-
centration in Lung Tissue of Patients With Malignant
Mesothelioma: A Case-Control Study. Cancer 1985;
56: 1089-1093

83. Muller J, Delos M, Panin N, et al: Absence of carcino-
genic response to multiwall carbon nanotubes in a 2
year bioassay in the peritoneal cavity of the rat. Toxicol
Sci 2009; 110: 442–448

84. Murthy SS, Testa JR: Asbestos, chromosomal dele-
tions, and tumor suppressor gene alterations in human
malignant mesothelioma. J Cell Physiol 1999; 180:
150-157

85. Musk AW, deKlerk NH, Olsen N, et al: Mortality in
Miners and Millers of Crocidolite in Western Aus-
tralia: Follow-up to 1999. Ann Occup Hyg 2002; 46
(Suppl 1): 90-92

86. Musk AW, deKlerk NH, Reid A, et al: Mortality of
former crocidolite (blue asbestos) miners and millers at
Wittenoom. Occup Environ Med 2008; 65: 541-543

87. Neri M, Ugolini D, Dianzani I, et al: Genetic suscepti-
bility to malignant pleural mesothelioma and other as-
bestos-associated diseases. Mutat Res 2008; 659: 126-
136

88. Newhouse ML, Berry G: Predictions of mortality from
mesothelial tumours in asbestos factory workers. Br J
Ind Med 1976; 33: 147-151

89. NIOSH (National Institute for Occupational Safety
and Health). 2011. Current intelligence bulletin: as-
bestos fibers and other elongate mineral particles: state
of the science and roadmap for research, version 4.
April 2011. Department of Health and Human Ser-
vices, Centers for Disease Control and Prevention,

200

05-magnani:05-magnani  15-04-2013  8:06  Pagina 200



National Institute for Occupational Safety and
Health. http://www.cdc.gov/niosh/docket/archive/doc
ket099C.html

90. NTP - National Toxicology Program. Report on
carcinogens. Background document for Glass wool
fibres. US dep. Health. Research Triangle Park,
2009

91. Pan XL, Day HW, Wang W, et al: Residential prox-
imity to naturally occurring asbestos and mesothe-
lioma risk in California. Am J Respir Crit Care Med
2005; 172: 1019-1025

92. Paoletti L, Bruni BM: Size distribution of amphibole
fibres from lung and pleural tissues sampled from
mesothelioma cases due to environmental exposure.
Med Lav 2009; 100: 11-20

93. Park E-K, Takahashi K, Hoshuyama T, et al: 2011.
Global Magnitude of Reported and Unreported
Mesothelioma. Environ Hlt Perspect 2011; 119: 514-
518

94. Pelucchi C, Malvezzi M, La Vecchia C, et al: The
Mesothelioma epidemic in Western Europe: an up-
date. Br J Cancer 2004; 90: 1022-1024

95. Peto J, Decarli A, La Vecchia C, et al: The European
mesothelioma epidemic. Br J Cancer 1999; 79: 666-
672

96. Peto J, Doll R, Hermon C, et al: Relationship of mor-
tality to measures of environmental asbestos pollution
in an asbestos textile factory. Ann Occup Hyg 1985;
29: 305-355

97. Peto J, Seidman H, Selikoff IJ. Mesothelioma mortali-
ty in asbestos workers: implications for models of car-
cinogenicity and risk assessment. Br J Cancer 1982;
45: 124-135

98. Peto J: The hygiene standard for chrysotile asbestos.
Lancet 1978; 1: 484-489

99. Pinto C, Novello S, Torri V, et al: Second Italian Con-
sensus Conference on Malignant Pleural Mesothe-
lioma: State of the art and recommendations. Cancer
Treat Rev. 2012 Dec 11. doi:pii: S0305-7372(12)
00236-8. 10.1016/j.ctrv.2012.11.004

100. Pira E, Pelucchi C, Piolatto PG, et al: Mortality from
cancer and other causes in the Balangero cohort of
chrysotile asbestos miners. Occup Environ Med 2009;
66: 805-809

101. Poland CA, Duffin R, Kinloch I, et al: Carbon nan-
otubes introduced into the abdominal cavity of mice
show asbestoslike pathogenicity in a pilot study. Nat
Nanotechnol 2008; 3: 423-428

102. Reid A, Berry G, Heyworth J, et al: Predicted mortali-
ty from malignant mesothelioma among women ex-
posed to blue asbestos at Wittenoom, Western Aus-
tralia. Occup Environ Med 2009; 66: 169-174

103. Rödelsperger K, Jöckel KH, Pohlabeln H, et al: As-
bestos and man-made vitreous fibers as risk factors for
diffuse malignant mesothelioma: results from a Ger-
man hospital-based case-control study. Am J Ind Med
2001; 39: 262-275

104. Rödelsperger K, Woitowitz HJ, Brückel B, et al:
Dose-response relationship between amphibole fiber
lung burden and mesothelioma. Cancer Detect Prev
1999; 23: 183-193

105. Rogers AJ, Leigh J, Berry G, et al: Relationship be-
tween lung asbestos fiber type and concentration and
relative risk of mesothelioma. A case-control study.
Cancer 1991; 67: 1912-1920

106. Russo A, Bisanti L. Rapporto sui tumori a Milano. ASL
della Città di Milano. Milano: Ed. Zadig, 2007: XXXI-
II-IV, 74-79

107. Sakamoto Y, Nakae D, Fukumori N, et al: Induction
of mesothelioma by a single intrascrotal administra-
tion of multi-wallcarbon nanotube in intact male fis-
cher 344 rats. J Toxicol Sci 2009; 34: 65-76

108. Selikoff IJ, Seidman H: Asbestos-associated deaths
among insulation workers in the United States and
Canada, 1967-1987. Ann N Y Acad Sci 1991; 643: 1-
14

109. Shah KV: SV40 and human cancer: a review of recent
data. Int J Cancer 2007; 120: 215-223

110. Stanton MF, Layard M, Tegeris A, et al: Relation of
particles dimension to carcinogenicity in amphibole
asbestoses and fibrous minerals. JNCI 1981; 67: 965-
975

111. Takagi A, Hirose A, Nishimura T, et al: Induction of
mesothelioma in p53 +/- mouse by intraperitoneal ap-
plication of multi-wall carbon nanotube. J Toxicol Sci
2008; 33: 105-116

112. Tan E, Warren N: Mesothelioma mortality in Great
Britain. The revised risk and two-stage clonal expan-
sion models. Health and Safety Excutive. (HSE)
2011; Research Report 876

113. Terracini B: The scientific basis of a total asbestos ban.
Med Lav 2006; 97: 383-392

114. Testa JR, Cheung M, Pei J, et al: Germline BAP1 mu-
tations predispose to malignant mesothelioma. Nat
Genet 2011; 43: 1022-1025

115. Tuomi T, Huuskonen MS, Virtamo M, et al: Relative
risk of mesothelioma associated with different levels of
exposure to asbestos. Scand J Work Environ Health
1991; 17: 404-408

116. Ugolini D, Neri M, Ceppi M, et al: Genetic suscepti-
bility to malignant mesothelioma and exposure to as-
bestos: the influence of the familial factor. Mutat Res
2008; 658: 162-171

117. Utell MJ, Maxim LD. Refractory ceramic fiber (RCF)

CONSENSUS CONFERENCE PLEURAL MESOTHELIOMA - PUBLIC HEALTH & EPIDEMIOLOGY 201

05-magnani:05-magnani  15-04-2013  8:06  Pagina 201



MAGNANI ET AL

toxicity and epidemiology: a review. Inhal Toxicol
2010; 22: 500-521

118.Watterson A, Gorman T, Malcolm C, et al: The eco-
nomic costs of health service treatments for asbestos-
related mesothelioma deaths. Ann N Y Acad Sci
2006; 1076: 871-881

119.Whitehouse AC, Black CB, Heppe MS, et al: Envi-

ronmental exposure to Libby Asbestos and mesothe-
liomas. Am J Ind Med 2008; 51: 877-880

120. Yang H, Rivera Z, Jube S, et al: Programmed necro-
sis induced by asbestos in human mesothelial cells
causes high-mobility group box 1 protein release and
resultant inflammation. PNAS 2010; 28: 12611-
12616

202

La versione in italiano con le tabelle è reperibile come materiale supplementare sul sito de La Medicina
del Lavoro: www.lamedicinadellavoro.it

05-magnani:05-magnani  15-04-2013  8:06  Pagina 202




