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40.1 Mesothelioma

Malignant mesothelioma is a highly aggressive and al-
most invariably fatal tumor arising from the mesothelial
cells that form the serosal lining of the pleura, pericar-
dium, peritoneum, and tunica vaginalis. More than 80%
of malignant mesotheliomas are pleural in origin. Peri-
toneal mesothelioma appears to be more common in
heavily exposed individuals [1]. Most of malignant
mesotheliomas in the western world develop in indivi-
duals with higher than background asbestos exposure
and it is unlikely that low environmental exposure to
asbestos is associated with more than negligible risk of
mesothelioma [2]. Indeed, the incidence of mesotheli-
oma appears clearly parallel to the more widespread
use of asbestos observed worldwide during the last half
century, and it is actually estimated that about 5% of
asbestos workers develop this disease. Mesothelioma
can develop 20 or more years after the first exposure,
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while the peak incidence is between 35 and 45 years
after exposure. However, the latency period ranges from
a minimum of about 5 years [3] to a maximum of 72
years, so that exposed individuals are at risk for all
their lives [4]. Non-occupational asbestos exposure has
also been associated with an increase incidence of
mesothelioma [5, 6]. In the USA, the incidence of meso-
thelioma, though difficult to be precisely determined, is
estimated to be two to three thousand new cases per
year [7]. However, it is estimated that the asbestos cancer
epidemic may take as many as 10 million lives before as-
bestos is banned worldwide and exposures are brought to
an end [8]. More recently, the oncogenic simian virus
(SV) 40, a DNA virus of the family of papovaviridae,
has also been implicated as a potential etiologic agent,
though some controversy still exists [9]. Rare cases of
mesothelioma have been associated with radiation expo-
sure and the intravenous administration of the contrast
medium Thorotrast [10]. Finally, in a restricted geo-
graphic area of three villages of Cappadocia, a region of
central Anatolia in Turkey, more than 50% of all deaths
are caused by pleural malignant mesothelioma. These
cases are considered to be related to the erionite expo-
sure, another non-asbestos mineral fiber, a type of fi-
brous zeolite commonly found in the stones of the houses
of the villagers. This observation led to the recognition
that erionite is one of the most potent chemical human
carcinogens [11]. However, it is also known that approxi-
mately 20% of mesotheliomas occur in individuals with
no history of asbestos exposure and only a small percent-
age of exposed individuals develop the disease, support-
ing the concept that genetic factors may play a significant
role in its pathogenesis [12]. As appears from the above
considerations, mesothelioma seems to have a complex
etiology in which environmental carcinogens such as as-
bestos (by far the most important risk factor) and erio-
nite, ionizing radiation, viruses, and possibly genetic fac-
tors act alone or in concomitance to induce malignancy
[13]. Whatever the cause and because of its increasing in-
cidence worldwide, the social impact of mesothelioma
has become devastating, since no satisfactory treatment
exists and survival time after diagnosis is usually less
than 18 months.
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40.2 Characteristics of Asbestos Fibers

Asbestos is the general name given to certain naturally
occurring hydrated magnesium silicate fibrous minerals
that form under high pressure in the earth’s crust and
are commonly found around earthquake faults. Geolo-
gists divide asbestos fibers into two groups: (1) serpen-
tines, which include chrysotile (white asbestos), and (2)
amphiboles, which include amosite (brown asbestos),
crocidolite (blue asbestos), tremolite, anthophyllite, and
actinolite. Asbestos fibers have several unique physical
properties, such as thermal resistance, tensile strength,
acoustic insulation, and resistance to degradation by both
acid and alkaline solutions. The aspect ratio (length-to-
width ratio) is the distinguishing feature of a particle
and classifies it as a fiber when it is 3 or greater. Asbestos
degrades by splitting longitudinally into even smaller fi-
bers. This physical characteristic enhances its insulation
properties but also increases the fraction of fibers that de-
posit deeply in the lung when inhaled. Fiber deposition in
the lung occurs through five aerodynamic mechanisms:
impaction, sedimentation, interception, electrostatic pre-
cipitation, and diffusion. Impaction and sedimentation
depend on the aerodynamic diameter of the fiber, inter-
ception is governed by fiber length, and electrostatic pre-
cipitation depends on the electrical charge of the fiber.
Processing of asbestos fibers results in aerosols with rel-
atively high levels of electrical charge. Amphibole fibers
when inhaled align parallel to the axis of flow and deposit
deeply in the lung at the level of the alveolar ducts. Ser-
pentine fibers such as chrysotile when inhaled have a
mixed flow pattern and are more frequently deposited
at the airway bifurcations. The biologically active or in-
halable asbestos particles are those with a diameter of
less than 3 um and a length between 5 and 100 pm. Only
20% of asbestos fibers fall into this category and the most
common is crocidolite.

40.3 History of Asbestos Utilization
and Exposure

The word asbestos is derived from the Greek «asvestos»
which means “inextinguishable or unquenchable” and re-
flects its resistance to heat and acid as well as its strength,
durability, and flexibility. The Romans termed asbestos
“amianthus” which means without miasma, undefiled
or incorruptible. «Apiovtos» (amiantos) is also the term
actually used by the modern Greeks for asbestos and
“amianto” by the Italians. Asbestos has been used by hu-
mans since 4,000 years before the Christian Era [14]. One
of its first applications was for wicks in lamps and can-
dles. Subsequently, 2-3000 years BCE asbestos was used
in clothes to embalm the bodies of the Egyptian pharaohs
and in Finland it was used in the same period, 2,500 years

BCE, to strengthen clay pots. Around 1000 years AD Med-
iterranean people used chrysotile from Cyprus and trem-
olite from north Italy to make cremation clothes, mats,
and wicks for temple lamps. Three to four centuries later
Marco Polo visited an asbestos mine in China. In the
early 1700s asbestos papers and boards were made in
Italy. Subsequent applications were as insulating material
in steam engines in the USA (1828), for helmet and jack-
ets by the Parisian Fire Brigade (1853), and for brake lin-
ings by Ferodo in England (1896). At the turn of the
twentieth century asbestos applications and consequently
exposure increased exponentially. One of its last applica-
tions was in the insulation of the solid fuel boosters of the
space shuttle.

40.4 Epidemiology of Mesothelioma

In the first half of the twentieth century mesotheliomas
were so rare that even their existence was debated [15].
In a review of 47 thousand autopsies at the Massachusetts
General Hospital from 1896 to 1947 no mesotheliomas
were found [16]. However, between 1947 and 1990 about
100 mesotheliomas were observed, and now it is esti-
mated, and probably underestimated, that there are two
to three thousand new cases every year in the USA
[15]. The modern history of mesothelioma begins with
the publication of the article “Diffuse pleural mesotheli-
oma and asbestos exposure in the northwestern Cape
province” [17], implicating asbestos exposure in the de-
velopment of mesothelioma. The authors described a re-
gion in South Africa of about 8,000 square miles where
crocidolite (locally named “woolstone”) was mined. The
earliest mining was a “family job” where men quarried
the rocks and women and children separated fiber from
stone. The increasing demand of asbestos around the
years of World War II brought the large companies into
the process of mining and processing and resulted in
much higher numbers of involved and exposed indi-
viduals. Wagner and coworkers identified, in 4 years, 33
cases of mesothelioma almost exclusively in people living
around the areas of mine or mill. This pioneering work
provided the first and strong evidence of an association
between asbestos and mesothelioma. This work also laid
the foundation for the definitive investigation of insula-
tion workers in the USA by Irving Selikoff and coworkers
[18]. Selikoff’s studies demonstrated an enormously in-
creased mortality in these workers and made clear that
an epidemic of occupational cancer was under way
[18]. In South Africa mining reached its peak in 1977
with more than 380,000 tons being exported and 20,000
miners employed in the industry. South Africa also has
large deposits of chrysotile and amosite both of which
have been mined extensively. In South Africa the work
by Wagner and coworkers was continued, not without
difficulties, by Webster (funding was discontinued and
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the report was denigrated) [14] who reported 232 cases of
mesothelioma based on pathology reports sent to the Na-
tional Centre of Occupational Health [19] and by Zwi and
coworkers who reported 1,347 cases diagnosed between
1976 and 1984 [20]. According to these reports, mesothe-
lioma incidence in South Africa is amongst the highest in
the world. It is 6 times higher than in England and at
least as high as in Western Australia. The male/female ra-
tio is 2.5/1. The incidence in blacks, for obvious reasons,
is particularly under reported. Zwi’s 9-year study also
showed a steady increase in mesothelioma incidence dur-
ing those years. In South Africa a high proportion of
mesotheliomas (26%) is attributed to non-occupational,
environmental origin, and among them 93% originate
from exposure to crocidolite. Non-occupational expo-
sures to asbestos can be grouped into three main catego-
ries: paraoccupational (familial), neighborhood, and true
environmental exposures [6]. Among all reported envi-
ronmental cases more than 70% of women and children
are affected. This is presumably related to the asbestos
brought home in the hairs and clothes of the miners.
Overall more than 30 million tons of asbestos in its
various forms have been mined worldwide in the past
century. Actually, the worldwide asbestos production
exceeds 2 million tons each year. The greatest asbestos
producers are Russia, China, Canada, Brazil, Kazakh-
stan, and Zimbabwe. Canada is the largest asbestos-ex-
porting country, exporting 300,000 tons of chrysotile
annually. All forms of asbestos can cause benign pleural
effusions, pleural plaques, round atelectasis, diffuse fi-
brothorax, asbestosis (interstitial diffuse fibrosing alveo-
litis), lung cancer, and mesotheliomas. Chrysotile ac-
counts for 90% of the commercially used asbestos
worldwide, with the amphiboles constituting the rest.
The amphiboles and particularly crocidolite appear to
be the most carcinogenic of the fibers [21] though ac-
cording to Stayner and coworkers it seems prudent “to
treat chrysotile with virtually the same level of concern
as the amphibole forms of asbestos” [22]. Indeed, on a
per fiber basis, the highest risks of lung cancer have
been shown for chrysotile [23]. Asbestos exposure af-
fects not only asbestos workers but also their families,
users of asbestos products, and the public as asbestos is
used in building materials and in heating and ventilat-
ing systems [8]. Exposed women develop mesothelioma
at rates at least as high as men with the same expo-
sures, though their overall numbers are much lower
since fewer women have occupational exposures. Epide-
miologic studies attempted to define occupational risks
associated with mesothelioma. In a work of the 1980s it
was shown that the greater relative risk (RR) was asso-
ciated with insulation work (RR=46), followed by em-
ployment in asbestos manufacture (RR=6.1), heating
trades (RR=4.4), shipyards (RR=2.8), and construction
(RR=2.0) [24]. Actually, asbestos is present in more
than 3,000 manufactured products and justifiably con-
stitutes one of the most pervasive environmental haz-

ards in the world and is a real “health catastrophe”. In
many developed countries, in specific age groups, meso-
thelioma may account for 1% of all deaths. In addition
to mesotheliomas, 5-7% of all lung cancers can be at-
tributed to asbestos exposure. Peak production and
usage of asbestos occurred in many countries during
the 1960s, 1970s, and 1980s and, as mesothelioma can
develop 20 or more years after the first exposure, with
a peak incidence coming 35-40 years after exposure,
the incidence of mesothelioma is expected to increase
dramatically over the next few years peaking in the de-
veloped world in or around the year 2020. In Western
Europe it is estimated that deaths from mesothelioma
will increase from just over 5,000 per year in 1998 to
about 9,000 by the year 2018 [25], a global estimation
of a quarter of a million deaths over the next 35 years.
Lung cancer deaths caused by asbestos may even be
much higher if we accept a ratio 7:1 (lung cancer to
mesotheliomas deaths) suggested by some investigators
[26]. The International Labor Organization (ILO) esti-
mated that at least 100,000 and maybe as many as
140,000 workers die each year from asbestos exposures
resulting in cancer [27]. Current estimations report that
the asbestos cancer epidemic may take as many as 10
million lives before asbestos is banned worldwide and
exposures are brought to an end [8]. In this conserva-
tive estimation, it is assumed that asbestos exposure is
going to cease and that the epidemic will run itself out
[8]. However, the world’s asbestos production seems to
have stabilized at around 2 million tons/year (2001-
2002 data) and a global ban on asbestos is far from oc-
curring. In future decades, the health problem of asbes-
tos exposure will also occur in developing countries
where in recent years most asbestos industries have
transferred their economic interests, where protection
of workers and communities is scant or non-existent,
and where the asbestos cancer epidemic will become
even more devastating than in the developed world [8].

40.5 Environmental Asbestos Exposure
in the Metsovo Area of North-western
Greece

Inhabitants of four villages of the Metsovo area (Metso-
vo, Milia, Anilio, and Votonosi) in the Epirus region,
north-western Greece (population of 4,250 inhabitants
on the 1981 census and of 4,494 on the 1991 census)
have been exposed, since childhood, to asbestos from a
material used for whitewashing. This material locally
called “luto” soil contains tremolite and had been used
by practically all households until 1950-1960 [28-30].
This tremolite-containing whitewash was taken from
outcrops in nearby hills, shaped into balls, and sold.
Subsequently, the women of Metsovo crushed the balls
into fine powder, boiled it in water, and applied it to
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the walls once or twice a year. During the extraction
process, and particularly while crushing this material, a
tremendous amount of fibers was released (>200 fibers
per cm®) and inhaled [31]. Tremolite fibers were indeed
identified in the lung parenchyma of the exposed indi-
viduals in transbronchial lung biopsy specimens [32].
The exposure of inhabitants of Metsovo to tremolite has
resulted in endemic pleural calcifications in at least half
of the population [29, 30, 33, 34], a high incidence of
malignant pleural mesothelioma [29, 30], sporadic cases
of round atelectasis eventually related to the develop-
ment of a previous benign asbestos pleural effusion
[35], and lymphocytic alveolitis especially among in-
habitants with pleural calcifications [36], but no diffuse
fibrosing interstitial lung pneumonia (asbestosis). The
combination of the above findings (and especially the
mesothelioma and pleural calcifications) has been
named “Metsovo lung” and has been established as an
example of non-occupational exposure to tremolite.
Metsovo exposure appears to be a unique kind of expo-
sure, differing from the “usual” occupational or non-oc-
cupational exposures in the following aspects: (1) it was
a “woman’s job” and exposure eventually included their
small children present during the in-house part of the
process (very early in life exposure); (2) the exposure
was not continuous; and (3) exposure was very heavy
during crushing [37]. The use of “luto” soil gradually
diminished during the next three decades and was fi-
nally abandoned in the early 1980s. The diminished use
of “luto” whitewash was followed by a drop in the inci-
dence of mesotheliomas in the area [37]. Actually it is
expected that the “Metsovo mesothelioma epidemic”
will fade away by the year 2020-2030, since the material
has not been used since 1985 [37]. Environmental as-
bestos exposure has also been reported in several other
geographic areas of Greece “outside Metsovo” [31].

40.6 Malignant Pleural Mesothelioma
in Turkey: Geographic Areas with
Environmental Asbestos Exposure
and Other Geographic Areas with
Environmental Exposure to Erionite

Turkey is a country with large natural asbestos deposits
and a high prevalence of endemic asbestos-related pul-
monary disease [38-41]. Asbestos-contaminated soil
mixtures are commonly found in the rural areas around
Eskisehir in central Anatolia, where they have been
used for many years locally by the rural inhabitants to
make a whitewash (in a strikingly similar way to the
villagers of Metsovo, Greece) or stucco for the walls,
floors, and roofs of the houses and also for baby pow-
der, in pottery, or added to grape juice. These soil mix-
tures are known in Anatolia as “aktoprak” (white soil)

or “gorak” Mineralogical analysis disclosed that besides
tremolite (the most prominent asbestos type found as a
contaminant of white stucco in these areas), chrysotile
asbestos and, in certain districts (Mihalig¢ik and
Edige), anthophyllite also contaminate white stucco
[42]. The above-mentioned environmental exposure to
asbestos as a cause of pleural mesothelioma has been
documented in many studies [43-46]. Recently it has
also been shown that this type of environmental expo-
sure may be responsible for the very high incidence of
mesothelioma observed in the villagers exposed, similar
to the occupationally exposed asbestos cohorts [40].

In the Nevshehir region of Cappadocia, an informal
ancient denomination for parts of central Anatolia,
there are three villages, Karain, Tuzkdy, and Sarihidir,
with a population of around 5,000 people. It has been
recently shown that up to 50% of deaths in Karain, be-
tween 1970 and 1994, and 36% of deaths in the other
two villages, between 1980 and 1994, were due to pleu-
ral and, less frequently, peritoneal mesothelioma [11].
Mesothelioma also caused 78% of deaths found in a co-
hort of 162 Karain villagers who had emigrated to Swe-
den [46]. These mesotheliomas are attributed to erio-
nite, a fibrous type of zeolite present in stones used to
build these villages and mined from nearby caves, and
villagers exposed to it have the highest incidence of
mesothelioma in the world. Erionite belongs to the
mineralogical group of zeolites, a group of hydrated
aluminosilicates of alkali and alkaline earths. Zeolites
occur in cavities in basic volcanic rocks and in other
late-stage hydrothermal environments. Erionite fibers
are found in rocks and soils of areas of the above-re-
ferred villages, which like many other places in Cappa-
docia, Turkey, are characterized by ancient rock dwell-
ings and caves dug in soft volcanic tuff. This type of
dwelling favors the continuous exposure of inhabitants
to erionite fibers. Epidemiologic and experimental data
have shown that erionite fibers have the highest carci-
nogenic potency among any other fibers so far studied
[47-50]. Erionite fibers also have a very strong fibro-
genic potential. High concentrations of erionite fibers
have been found in air samples and in lung tissue and
bronchoalveolar lavage fluid of residents from these vil-
lages [51]. However, epidemiologic studies in this par-
ticular geographic area demonstrated that mesothelioma
developed more frequently in certain families and in
specific homes, where entire families had died from the
disease. Interestingly, in Karlik, a village with a popula-
tion of about 1,500, 1 km south of Karain, and built
with the same stones used to build Karain, no mesothe-
lioma was found except in a woman from Karain who
relocated there, suggesting a strong genetic factor con-
tributing to mesothelioma appearance in certain fami-
lies. To investigate this hypothesis, an analysis of a six-
generation extended pedigree of 526 individuals was
conducted and it indicated that mesothelioma occur-
rence, at least in this area, can be explained by genetic
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susceptibility, which is probably transmitted in an auto-
somal dominant way [52]. In these cases erionite might
be a cofactor in the cause of mesothelioma, in geneti-
cally predisposed individuals.

40.7 Other Geographic Areas with Natural
Asbestos Deposits and Environmental
Asbestos Exposure

Environmental asbestos exposure is also common in
some other rural parts of the world, including other
geographic areas of Greece “outside Metsovo” [31], Cy-
prus, where asbestos deposits contain mostly chrysotile
with some tremolite contamination [53], and New Cale-
donia [54] and Corsica, where both chrysotile and
tremolite can be found [55,56]. In all of the above areas
an increasing incidence of mesothelioma was described
confirming the association between natural asbestos de-
posits and mesothelioma in non-occupationally exposed
populations.

40.8 Etiology of Mesothelioma

After the publication of the “milestone” study by
Wagner and coworkers describing mesotheliomas in
subjects who lived in the Blue Hills region of Northwest
Cape Province of South Africa, and its confirmation by
several other studies in the same geographic area and
worldwide, asbestos is to be considered the primary
etiologic agent of mesothelioma. All asbestos fibers are
injurious and carcinogenic for both animals and hu-
man, crocidolite (blue asbestos) and amosite (brown as-
bestos) being the most harmful. In addition several
cases of mesothelioma have been associated with erio-
nite fiber exposure, radiation therapy such as in the
treatment of Hodgkin’s disease [10], chronic inflamma-
tion [57], and the Simian virus 40 (SV40), a contami-
nant of early polio vaccines that were provided to mil-
lions of individuals in Europe and in the USA between
1955 and 1963 [58]. Organic chemicals, including poly-
urethane, polysilicone, ethylene oxide, N-methyl-n
nitrosourethane diethylstilbestrol, and mineral oil, have

Table 40.1. Etiologic factors of mesothelioma

Fibers Radiation Chemicals

Asbestos (chrysotile, Ionizing radiation Polyurethane

amosite, crocidolite, Thorotrast Polysilicone
tremolite, anthophyllite, Ethylene oxide
actinolite) N-Methyl-n
Erionite nitrosourethane
Fiberglass? diethylstilbestrol

Mineral oil

been shown to cause mesothelioma in rodents [59].
Also other non-asbestos fibers such as fiberglass have
been implicated in mesothelioma development in ani-
mals [60]. Furthermore, the occurrence of mesotheli-
oma among subjects with blood relations suggests that
genetic factors might play a role in determining the
susceptibility to asbestos-related cancer [61]. Finally, it
is also known that approximately 20% of mesotheliomas
occur in individuals with no history of asbestos expo-
sure or to any other putative etiologic factor and that
only a small percentage of asbestos-exposed individuals
develop the disease, supporting the concept that genetic
factors may play some role in mesothelioma develop-
ment [12] (Table 40.1).

40.9 Simian Virus 40 and Mesothelioma

Simian virus 40 is a small, circular, 5,243-bp, double-
stranded DNA polyomavirus of the family of papovaviri-
dae of monkey origin. SV40 was found by Sweet and Hil-
leman to be one of the viruses infecting rhesus and cyno-
molgus monkey kidney cells used for the preparation of
polio and other vaccines [62]. Soon after, it was shown
that SV40 had the capacity to infect and transform hu-
man cells in vitro [63]. Experimental studies have shown
subsequently the potentiality of wild-type SV40 viruses to
induce mesotheliomas with at least the same potency as
asbestos fibers [64-66]. The primary mechanism of the
SV40 oncogenic effect is thought to occur through its
linkage with the large T cell antigen Tag and the subse-
quent inactivation of two tumor suppressor genes, p53
and retinoblastoma protein, Rb, as well as of their prod-
ucts, p107 and p130. The result is a combination of loss of
cell cycle regulation associated with genomic instability,
cell transformation, immortalization, and tumor develop-
ment [58]. Hundreds of millions of SV40-contaminated
poliovirus vaccine preparations, prepared in Macaca kid-
ney cells, were used between 1955 and 1962 to vaccinate
people in USA, Europe, the former USSR, Mexico, Japan,
and Central America. Both the inactivated Salk subcuta-
neous vaccine and the live attenuated Sabin vaccine were
contaminated, which were both prepared from macaque
rhesus monkey cell cultures. Soon after SV40 was re-
ported to be oncogenic in hamsters, the US government

Inflammation Viruses Genetic factors
Autosomal
dominant way

in Cappadocia

TBC pleuritis? Simian virus 40?
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disposed that all newly produced polio vaccine should be
free of the contaminant virus but they did not remove the
already contaminated ones from the vaccine program. In
the following decades SV40 DNA was detected in a variety
of human tumors such as mesotheliomas, osteosarcomas,
other bone tumors, and brain tumors, and several epide-
miologic and experimental studies have suggested a role
of SV40 alone or in combination with asbestos fibers [67]
in determining an increase of certain human tumors in-
cluding mesotheliomas. However, the National Institutes
of Health and the Food and Drug Administration special
joint workshop failed to reach an agreement on the role of
SV40 as a potential human carcinogen [68]. Disagree-
ment was based on: (1) the lack of detection of SV40
DNA in human mesothelioma experiments by Shah
[69]; (2) the SV40 DNA detection in normal tissue and
body fluids; and (3) the inadequacy of epidemiologic
data. Furthermore, a recent study has brought more evi-
dence against a role for SV40 infection in human meso-
theliomas and the high risk of false-positive PCR results
due to the presence of SV40 sequences in common labo-
ratory plasmids [9]. The authors conclude “that clinicians
should continue to consider asbestos exposure as the
most likely and most thoroughly established etiological
factor in individuals with mesothelioma” [9].

40.10 Conclusion

Unequivocally the history of mesothelioma parallels
that of asbestos exposure. The estimation that the as-
bestos cancer epidemic will cause 10 million deaths past
and present renders the need to reach urgently a global
ban on asbestos an issue of highest priority, so that the
asbestos cancer epidemic will not become more devas-
tating and will not continue indefinitely.

Key Points

® Mesothelioma is a highly aggressive and invari-
ably fatal tumor arising from mesothelial cells
that form the serosal lining of the pleura, and less
frequently of the pericardium, peritoneum, or tu-
nica vaginalis.

® Almost all mesotheliomas develop in individuals
with higher than background asbestos exposure.
Asbestos is present in more than 3,000 manufac-
tured products and constitutes one of the most per-
vasive environmental hazards in the world. Asbes-
tos exposure affects not only asbestos workers but
also their families, users of asbestos products,
and the public as it is exposed to building materials
and asbestos in heating and ventilating systems.
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