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Abstract 

Background Asbestos lung content is regarded as the most reliable tool for causal attribution of malignant meso‑
thelioma (MM) to previous asbestos exposures. However, there is a lack of studies on asbestos burden in lungs of MM 
patients in comparison with healthy individuals. This study aims to provide such a comparison, investigating, as well, 
differences in asbestos lung burden with sex and time trends.

Methods Asbestos lung content has been assessed on formalin‑fixed lung fragments using scanning electron 
microscopy coupled with energy dispersion spectroscopy (SEM–EDS) on individuals deceased from MM (cases) 
and healthy subjects without any lung disease who died from violent causes (controls) between 2005 and 2023.

Results Asbestos and asbestos bodies (ABs) were found, respectively, in 73.7% and 43.2% of cases and in 28 and 22% 
of controls; in MM cases the most represented asbestos types were crocidolite and amosite, whereas in controls it 
was tremolite‑actinolite asbestos. The concentration of both asbestos fibers and ABs was statistically significantly 
higher in MM cases compared to controls. The mean asbestos fibers width was also significantly higher in cases 
than controls. Males and females with MM showed similar asbestos and ABs concentrations, but females had higher 
concentrations of chrysotile, and significantly lower fibers width compared to males. Time trends show that MM lung 
asbestos concentrations decreased starting in 2011.

Discussion The results suggest a correlation between asbestos burden in lungs and MM risk. The different concen‑
tration of chrysotile, as well as the different width of asbestos fibers in MM males and females might reflect a sex dif‑
ference in response of the lung microenvironment to inhaled asbestos. Finally, this study provides the first pathologi‑
cal evidence of the effect of the ban of asbestos use, demonstrating a significant decrease of asbestos lung content 
after 2011.
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Background
Asbestos is a term comprising six naturally occurring 
fibrous minerals: chrysotile (the only one belonging to 
serpentines), the commercial amphiboles crocidolite, 
amosite and anthophyllite asbestos, as well as the non-
commercial tremolite and actinolite asbestos [1]. All 
types of asbestos are well known to cause diseases in 
humans and animals, both benign (pleural plaques and 
lung fibrosis) and malignant, such as malignant meso-
thelioma (MM) and lung cancer [2]. Asbestos-related 
diseases, especially MM, still represent a major public 
health concern. In fact, despite the total ban of asbestos 
implemented in the 90 s in most European countries and 
the strict regulation introduced in US and Canada, this 
mineral is still present in our environment, as shown by 
studies conducted on air and, more recently, on lungs 
obtained from otherwise healthy deceased subjects from 
the general population [3–5]. Moreover, as MM is char-
acterized by a long latency (30–40 years), its onset can be 
traced back to exposures that occurred and often ceased 
decades ago [1]. For this reason, in Italy as well as in 
other countries, the peak of MM incidence has not been 
reached yet, and it is expected to occur in the next few 
years [6].

Despite the numerous studies about asbestos lung 
content [7–9], the effect of asbestos concentration and 
type on MM development is still not fully understood, 
as there are few studies that compare asbestos lung con-
tent in MM patients and controls [10–12]. The few exist-
ing studies have been carried out several years ago, when 
asbestos was certainly more widely diffused than today, 
and do not reflect the current situation in Europe. More-
over, in Howel and al. [11] the cause of death of controls 
was attributed to various diseases, and this can intro-
duce a bias. The present study, instead, allows to meas-
ure the lung content in healthy deceased subjects without 
any history of asbestos exposure or respiratory diseases, 
and to compare it to MM cases, in order to quantify the 
amount of “background exposure”.

Asbestos lung content is considered the most reliable 
way in order to establish a causal association with MM, 
especially in a legal context [13]. Therefore, it is of para-
mount importance to investigate the asbestos lung bur-
den in healthy subjects from the general population, in 
order to quantify a threshold value that could differenti-
ate between “background exposure” and exposure caus-
ally associated with MM. Since the Selikoff pioneer study 
that concluded that the amount of asbestos necessary to 
cause MM may be extremely low[14], there is no agree-
ment in literature about the dose of inhaled asbestos that 
is necessary in order to cause MM; some studies found 
a correlation between asbestos lung burden and MM, 
whereas others did not [15]. In addition, little is known 

on whether lung content varies between males and 
females, given the known differences in type and length 
of exposure, and the differences in MM clinical and path-
ological characteristics between the two sexes [16, 17].

Building on these premises, the present work has four 
objectives: 1) to assess if the lung asbestos content (in 
terms of concentration of asbestos fibers) differs in sub-
jects deceased from MM versus healthy controls without 
any known history of exposure to asbestos, and deceased 
from violent causes 2) to evaluate differences in ABs, 
dimensions, characteristics and concentrations of the 
individual asbestos types between cases and controls;to 
verify if sex and type of exposure can influence asbestos 
content in lungs; 3) to investigate the time trend of asbes-
tos concentration in lungs.

Materials and methods
Study design, setting and participants
A case–control study was applied. The study will be car-
ried out on autopsy material (epidemiological unit) from 
the archive of the Section of Forensic Medicine and 
Forensic Science (Department of Public Health, Forensic 
Experimental Medicine) of Pavia University.

Cases were selected among the autopsy material 
regarding subjects deceased for MM (inclusion crite-
ria) and for which a forensic autopsy was performed at 
the Unit of Legal Medicine and Forensic Science of Pavia 
University between 2005 and 2018. The autopsy was fol-
lowed by histopathological exams, including immunohis-
tochemistry according to the guidelines in effect at the 
time [18–21].

In the vast majority, cases lived in Broni or in the hin-
terland of this small town in the Pavia Province (north-
ern Italy), where the Fibronit factory was located. This 
factory was active between 1932 and 1993, and produced 
asbestos-cement artifacts using a mixture of chrysotile 
and amphiboles (mainly crocidolite, with small amounts 
of amosite [22, 23].

Controls were selected among otherwise healthy indi-
viduals deceased between 2001 and 2023 from traumatic 
causes and subjected to a forensic autopsy, followed by 
a complete histopathological exam, according to the fol-
lowing criteria:

– age above 40 years
– no medical history of neoplastic or respiratory dis-

ease
– no neoplastic or respiratory disease at postmortem 

examination
– living outside the area of Broni and surrounding 

municipalities and outside other areas known for sig-
nificant sources of asbestos exposure
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– negative known history for occupational, household 
or anthropogenic environmental asbestos exposure.

For each case, both lungs were formalin-fixed and 
stored, while for controls several formalin-fixed lung 
fragments were available from the archive.

Variables, data sources and measurement
For each subject, a sample of 0.25  g of wet lung, taken 
from the inferior right lung lobe, was investigated with a 
scanning electron microscope equipped with energy dis-
persive spectroscopy (SEM-EDS) to assess the following 
endpoints:

• concentration of asbestos fibers, expressed as num-
ber of fibers per gram of dry weight (ff/gdw)

• mean length and width of detected asbestos fibers 
(expressed in μm)

• the concentration of each asbestos (ff/gdw), classi-
fied as chrysotile/asbestiform antigorite, crocidolite, 
amosite, tremolite/actinolite asbestos, and antho-
phyllite asbestos.

• concentration of asbestos bodies (ABs), expressed as 
ABs/gdw

In the present work only regulated asbestos fibers 
(length > 5 µm, width < 3 µm, aspect ratio greater than or 
equal to 3:1) [24] were counted, measured and classified 
according to the EDS spectrum.

Moreover, demographic characteristics (sex, age), his-
tory of exposure (occupational, household, environ-
mental), duration of exposure in years, survival time in 
months, latency in years, were also evaluated.

SEM samples preparation
Formalin-fixed lung samples were washed in distilled 
water and then chemically digested using 13% sodium 
hypochlorite, then the suspension was filtered through 
a cellulose-ester membrane (Millipore, Darmstadt, 
Germany) with a diameter of 25 mm and a pore size of 
0.45 µm as already described elsewhere [25, 26].

The membrane was then prepared for SEM–EDS 
examination and an area of 2  mm2 was observed at a 
magnification of 4000 × using backscattered electrons.

The fiber chemical composition was analyzed using an 
EDS, Oxford Inca Energy 200, equipped with an INCA 
X-act SDD detector (Oxford Instruments NanoAnalysis, 
Bucks, UK).

As indicated by international guidelines [28, 29], the 
amount of asbestos fibers and ABs observed in an area of 
2  mm2 was normalized to 1 g of dry tissue, reporting con-
centration in terms of asbestos fibers and ABs per gram 
of dry weight of lung tissue: ff/gdw.

To identify the different types of inorganic fibers, we 
compared the EDS spectra with a reference database 
available in the laboratory that performed the tests.

SEM–EDS is not the appropriate approach to distin-
guish unequivocally chrysotile from asbestiform antigor-
ite and tremolite from actinolite asbestos, since they have 
similar chemical composition and analogous morphol-
ogy, therefore we used, respectively, the term chrysotile/
asbestiform antigorite and tremolite/actinolite asbestos 
for these minerals.

While the preparation of all samples has been carried 
out in the same laboratory, the SEM EDS investigation 
was carried out in two laboratories, and the samples were 
divided equally between the two labs. In order to avoid 
the variability deriving from different instruments and 
microscopists, we defined a detailed, standardized proto-
col for data collection. A periodic inter-laboratory con-
trol was conducted by comparing the images and spectra 
obtained by each laboratory. In addition, five samples 
were analyzed in both laboratories, and the inter-labo-
ratory variability was tested with ANOVA for repeated 
measurements [Additional file 1: Table S1].

Statistical analysis
Quantitative variables were summarized by mean and 
standard deviation (SD) and qualitative with frequencies 
and percentage. Unpaired t-tests was applied to evaluate 
differences in asbestos fiber concentrations between MM 
cases and controls, or the analogous non parametric test 
if the assumptions were not verified. Secondary analyses 
comparing asbestos concentration in male with respect 
to female MM cases was conducted by means of the same 
test. The χ2 tests or Fisher’s Exact Test when > 25% of the 
expected cell counts were less than 5 was utilized for 
comparing categorical variables between cases and con-
trols as well as males and females.

The adjusted effect of asbestos concentration for age 
and sex on MM were obtained using logistic regression. 
In the secondary analyses the effect of sex on asbestos 
concentration adjusted for age and type of exposure was 
obtained using multiple linear regression. Statistical sig-
nificance was defined as P < 0.05. Statistical analyses were 
performed using SAS, version 9.4.

Results
The study included 95 MM cases and 50 controls. The 
mean age at death was 69.57  years (SD 11.37  years) 
in MM cases and 72.32  years (11.25) in the controls 
(p = 0.17); 51.6% of MM cases were males, versus 60% 
among controls (p = 0.33).

MM patients reported occupational exposure in 38.9%, 
household in 17.9%, and anthropogenic environmental 
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in 42.1% of cases; one case of MM had no history of 
exposure.

The median duration of exposure among cases was 
23  years (IQR 14–31  years), the median survival time 
since the diagnosis was 13.5  months (IQR 9–20  years), 
and the median time elapsed between the end of expo-
sure and death was 23 years (IQR 18–32 years).

Only two cases had peritoneal MM, while the other 93 
(97.9%) had pleural MM. The MM histologic type was 
epithelioid in 73.7% of cases, sarcomatoid in 9.5%, bipha-
sic in 15.8% and desmoplastic in 3.2%.

At SEM–EDS examination, asbestos fibers were iden-
tified in 73.7% of cases and in 28% of controls, whereas 
ABs in 43.2% and 22% respectively. In 15.8% of MM 
patients the asbestos concentration was between 1 and 
9999 ff/gdw, in 43.2% between 10000 and 99999 ff/gdw, 
in 13.7% between 100000 and 999999 ff/gdw and in only 
1 case (1%) asbestos concentration was above 1 million 
ff/gdw. Among controls, the corresponding figures were 
18%, 10% and 0%.

Chrysotile was found in 6.3% of MM cases, crocidolite 
in 50.5%, amosite in 57.9%, anthophyllite asbestos in 4.2% 
and tremolite/actinolite asbestos in 53.7%. Among con-
trols, chrysotile was observed in 6%, crocidolite in none, 
amosite and anthophyllite asbestos in only one case (2%) 
and tremolite/actinolite asbestos in 24%. The proportions 
of chrysotile and anthophyllite asbestos presence were 
not significantly different between cases and controls, 
(p > 0.90 and p = 0.6596, respectively). The proportions of 
crocidolite, amosite, and tremolite/actinolite were signifi-
cantly different between cases and controls (p < 0.0001, 
p < 0.0001, and p = 0.0006, respectively).

When considering asbestos as a whole In MM patients 
0.54% was represented by chrysotile, 40.58% by crocido-
lite, 48.33% by amosite, 0.85% by anthophyllite asbestos 

and 9.70% by tremolite/actinolite asbestos. In controls, 
15.3% of asbestos was represented by chrysotile, 3.86% 
by amosite, 8.1% by anthophyllite asbestos and 72.7% 
by tremolite/actinolite asbestos. The distribution of the 
types of asbestos was significantly different between 
cases and controls (p < 0.0001).

The concentration of asbestos resulted significantly 
higher in cases with respect to controls (p = 0.0002), as 
well as the ABs concentration (p = 0.0137) (Table 1). The 
concentrations of amosite and tremolite/actinolite asbes-
tos were significantly higher in MM patients compared 
to controls (p = 0.0051 and 0.0054 respectively) while the 
differences between the other types of asbestos did not 
reach statistical significance.

Regarding asbestos dimensional characteristics, among 
cases the length ranged between 6 and 55  μm, with a 
mean of 23.87  μm, while the width ranged between 
0.21  μm and 1.9  μm, with a mean of 0.68  μm. In con-
trols the length of asbestos ranged between 5.4 μm and 
52.4  μm, with a mean of 19.87  μm, while width ranged 
between 0.5 μm and 1.8 μm, with a mean 0.96 μm.

The length of asbestos did not show any statistically 
significant difference between cases and controls, while 
fibers were significantly wider in controls compared to 
cases (p = 0.0070) (Table 1).

Characteristics of mesothelioma according to sex
Age at death, length of survival, latency and duration of 
exposure were not statistically different between sexes, 
while the type of exposure differed (Table  2). Namely, 
occupational exposure was more represented in males 
compared to females, whereas the opposite was observed 
for household and anthropogenic environmental expo-
sure. The frequencies of each histologic type were similar 
between sexes.

Table 1 Lung asbestos content in mesothelioma cases versus controls

^adjusted for age and sex with logistic regression
# fibers per gram of dry weight

Mesothelioma n = 95 (65.52%) Controls n = 50 (34.48%) p-value p-value ^

Mean (standard deviation)

Asbestos concentration (ff/gdw) 79705.59 (240333.83) 3187.74 (7582.45) 0.0025 0.0002

Concentration of asbestos bodies (ff/gdw) 74670.71 (333130.60) 2013.54 (5627.97) 0.0362 0.0137

Concentration of Chrysotile asbestiform antigorite (ff/gdw) 433.78 (1886.95) 488.85 (2131.73) 0.8734 0.8181

Concentration of crocidolite (ff/gdw) 32343.66 (102023.53) 0 (0) 0.0026 0.1557

Concentration of amosite (ff/gdw) 38522.37 (142833.63) 123.04 (870.05) 0.0102 0.0051

Concentration of anthophyllite asbestos (ff/gdw) 676.27 (3471.68) 257.27 (1819.19) 0.3419 0.3925

Concentration of tremolite actinolite asbestos (ff/gdw) 7729.52 (13009.02) 2318.58 (5979.66) 0.0008 0.0054

Mean length of asbestos fibers (μm) 23.87 (12.42) 19.87 (14.99) 0.2929 0.2749

Mean width of asbestos fibers (μm) 0.68 (0.28) 0.96 (0.38) 0.0027 0.0070

Survival (months) 17.40 (14.74) – – –
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The concentration of asbestos and ABs were not signifi-
cantly different between males and females when consid-
ering the p-value adjusted for age and type of exposure 
(Table 3). Among the asbestos types, only chrysotile was 
significantly more represented in females compared to 
males (p = 0.0187). Asbestos length was not significantly 
different between males and females, while width showed 
a tendency to be greater in males, without reaching sta-
tistical significance.

Time trends
When lung asbestos concentrations were plotted against 
the year of death, we observed that asbestos lung concen-
trations decreased significantly after 2011 (Fig. 1), over-
all (a) and in males (b). Females (Fig. 1c) presented lower 

levels across all years, and showed a slight decrease in 
concentrations after 2012.

Discussion
Overall, this study shows that asbestos is present in lungs 
of healthy individuals from the general population (con-
trols), but in significantly lower concentrations compared 
to MM patients, confirming that asbestos concentration 
in lungs is positively related to MM occurrence.

We show here for the first time that sex does not seem 
to influence the total asbestos lung burden, even though 
females show a higher chrysotile concentration with 
respect to males. Moreover, survival since the diagnosis 
of MM was not significantly different between males and 
females in our sample. Finally, time trends demonstrated, 
overall and in males, a significant decrease of asbestos 

Table 2 Characteristics of mesothelioma cases according to sex

** Fisher’s exact test

Male n = 49 (51.58%) Female n = 46 (48.42%) p-value

Age at death (years) Mean (SD) 70.65 (67.50) 68.41 (64.91) 0.3412

Latency (years) Mean (SD) 48.63 (9.84) 50.59 (15.67) 0.4817

Duration of exposure (years); Mean (SD) 22.15 (13.69) 27.32 (17.14) 0.1169

Survival (months) Mean (SD) 15.76 (11.79) 19.20 (17.37) 0.2682

History of exposure

 None 0 (0.00%) 1 (2.17%)  < 0.0001**

 Occupational 33 (67.35%) 4 (8.70%)

 Household 4 (8.16%) 13 (28.26%)

 Anthropogenic/Environmental 12 (24.49%) 28 (60.87%)

 Histology

 Epithelial 37 (75.51%) 32 (69.57%)

 Sarcomatoid 3 (6.12%) 6 (13.04%) 0.5964**

 Biphasic 8 (16.33%) 6 (13.04%)

 Desmoplastic 1 (2.04%) 2 (4.35%)

Table 3 Lung asbestos concentrations in mesothelioma cases according to sex

* adjusted for age and type of exposure
# fibers per gram of dry weight

Male n = 49 (51.58%) Female n = 46 (48.42%) p-value p-value *

Mean (standard deviation)

Asbestos concentration (ff/gdw) 116718.43 (328061.05) 40278.87 (52680.63) 0.1138 0.7500

Concentration of asbestos bodies (ff/gdw) 138342.88 (456357.00) 6846.01 (23532.36) 0.0496 0.4412

Concentration of Chrysotile asbestiform antigorite (ff/gdw) 0 (0) 895.85 (2648.50) 0.0265 0.0187

Crocidolite Concentration (ff/gdw) 51355.28 (138066.69) 12092.15 (24429.16) 0.0557 0.5843

Amosite concentration (ff/gdw) 57712.94 (196478.55) 18080.24 (24713.63) 0.1677 0.8575

Anthophyllite asbestos concentration (ff/gdw) 1311.14 (4770.03) 0 (0) 0.0603 0.2537

Concentration of tremolite/ actinolite asbestos (ff/gdw) 6339.10 (11869.49) 9210.63 (14102.75) 0.2847 0.7146

Mean length of asbestos fibers (μm) 23.37 (13.97) 24.22 (11.33) 0.7808 0.4260

Mean width of asbestos fibers (μm) 0.80 (0.33) 0.60 (0.21) 0.0080 0.0763
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Fig. 1 Average asbestos concentration (fibers per gram of dry weight), overall (a), and according to sex. b males; c females. Red diamonds indicate 
mean asbestos concentration (ff/gdw) per year
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lung burden after 2011. In females the levels of asbes-
tos were lower across the period of time considered and 
showed a slight decrease in concentrations after 2012.

One of the main limitations of this study is that only 
asbestos fibers longer than 5 µm, thinner than 3 µm, and 
with an aspect ratio greater than or equal to 3:1) [24] have 
been systematically counted and measured at SEM–EDS 
examination. However, some authors reported a relation-
ship between fibers with a low aspect ratio and MM, and 
attributed this to the fact that their smaller size allows 
them to reach the pleural cavity more easily [7, 27]. How-
ever, the widely shared opinion is that fibers longer than 
10 μm play the most important role in MM and lung can-
cer causation [1, 28, 29].

A second limitation relates to ABs. Here we analyzed 
them at SEM–EDS, in the same sample we used to assess 
uncovered asbestos fibers. That is not the most suitable 
technique for examining ABs, as usually they are quanti-
fied using a larger lung fragment and under light micro-
scope (possibly in combination with SEM), in order to 
observe a larger area of the filter [30]. Therefore, the con-
centration of ABs in this study may be underestimated.

A third possible limitation is related to the single 
sampling site. The inferior lobe of the right lung, based 
on anatomic and physiological reasons, has long been 
known as the area where a larger number of particles 
accumulate [31]. For this reason, and also due to random 
factors, there is a remarkable variability between differ-
ent lung areas [32, 33]. Therefore, for clinical and forensic 
purposes it would be better to analyze multiple samples. 
However, within the same study it is important to analyze 
lung parenchyma taken from the same area in order not 
to introduce a potential confounding factor.

Despite these limitations, we can report here that 
asbestos and ABs were identified in both cases and con-
trols. Interestingly, in 26.3% of MM patients did not have 
asbestos in their lung samples. In addition, the major-
ity of MM cases presented an asbestos lung content 
below 100000 ff/gdw, that is the threshold value (deter-
mined using SEM–EDS), for amphiboles, considered to 
be indicative of a significant past exposure to asbestos 
[20]. The finding of an asbestos concentration lower than 
expected in MM patients with documented history of 
occupational, household and/or anthropogenic environ-
mental exposure is similar to what was found in previous 
studies by our group [26, 34]. This may be the result of 
asbestos clearance in the lungs, a known phenomenon 
mainly for chrysotile, due to its crystalline structure 
that, unlike amphiboles, can be fragmented in the lung 
microenvironment, phagocyted and eventually removed 
by macrophages through the lymphatic system [35–38]. 
Consequently, the finding of low concentrations of chry-
sotile and in some cases, the total absence of asbestos in 

MM patients is not surprising, especially considering the 
remarkable period of time elapsed between the cessation 
of exposure and death in the patients included in this 
study.

On the other hand, 28% of healthy subjects whose 
anamnesis was negative for any known asbestos expo-
sure, were positive for asbestos at SEM–EDS examina-
tion, although at concentrations below the threshold 
of 100000 ff/gdw, confirming the validity of this cut-off 
value to identify past asbestos exposures. Thus, the pre-
sent data suggest that asbestos concentration on lungs 
above this value are a strong sign of past occupational, 
household or anthropogenic environmental exposure to 
asbestos, but the opposite cannot be stated. The concen-
tration of ABs, both in cases and controls, showed a large 
variability (from 0 to more than 7 million ABs in MM 
and from 0 to 30600 in controls). It is interesting to note 
that in a remarkable number of controls the concentra-
tion of ABs was well above the 1000 ABs/gdw suggested 
by Churg as a “break point” between the non-occupa-
tional and occupational levels of exposure [39], similarly 
with what was found by Case et al. in a series of forensic 
autopsies [40].

The concentration of both asbestos fibers and ABs was 
significantly higher in cases compared to controls, as 
expected. This finding is in contrast with some studies 
comparing lung content in MM patients and “controls” 
[41], while other authors found similar significant differ-
ences as we report here [10, 11]. One caveat is that most 
of the previous studies were conducted in the 70  s and 
80 s, when asbestos-containing materials were extremely 
diffused and when previous asbestos exposures, even if 
unknown or forgotten, were very likely. In contrast, the 
present series of controls were selected among autopsies 
performed in recent years, well after the asbestos ban in 
Italy (which occurred in 1992).

Notwithstanding, the significant difference in asbestos 
concentration between MM and controls, confirms the 
well-established relationship between asbestos and MM, 
and supports the hypothesis that asbestos concentration 
can influence the risk of developing MM [42–44].

Even though the concentration of the individual asbes-
tos types did not differ significantly between cases and 
controls, in MM the majority of asbestos was classified 
as crocidolite and amosite, while in controls asbestos was 
mostly represented by chrysotile and, especially, tremo-
lite-actinolite asbestos. This is in line with what is known 
about past exposure in these cases and controls: cases 
were exposed mainly in relation to an asbestos cement 
plant, where large amounts of chrysotile, crocidolite and 
amosite were used in manufacturing asbestos-contain-
ing artifacts. Instead, asbestos found in lungs of healthy 
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individuals is likely to derive from urban pollution [3, 4] 
or talc-containing products [45, 46].

When we compared males and females, the two sexes 
presented a different history of exposure. As previously 
known, males are generally exposed mainly occupation-
ally, while females through a family member or envi-
ronmentally [16, 47, 48]. Despite this different exposure 
setting, asbestos and ABs concentrations did not show 
any statistically significant difference between the two 
sexes. This underlines the relevance of non-occupational 
exposure, which can determine asbestos lung levels com-
parable to the occupational one, as already pointed by 
both epidemiological data [49, 50] and lung content anal-
ysis [47, 51].

In addition, the comparison between males and females 
pointed out that chrysotile is significantly more repre-
sented in females’ lungs. This is relevant, as the lower 
carcinogenic potential of chrysotile in humans is related 
to its rapid clearance compared to amphiboles [28, 35, 
52]. This novel finding might indicate a different reaction 
to chrysotile in the lung microenvironment of males and 
females that can change the amount of asbestos reach-
ing the pleural cavity and consequentially the carcino-
genicity potential of chrysotile. The tendency of males 
to have wider fibers compared to females is in line with 
this hypothesis, as a higher concentration of chrysotile 
may be related to a more efficient longitudinal splitting 
of chrysotile bundles and therefore to thinner fibers [53].

Moreover, although females are known to have a better 
prognosis after MM diagnosis [17], in the present study 
the survival did not show any significant differences 
according to sex. This could be possibly related to the 
females’ heavy asbestos burden, similar to what observed 
in males in our study, whereas in other series lung bur-
dens in females might have been lower, in relation to 
their more frequent non-occupational exposure. In fact, 
asbestos burden in lungs has previously been related to 
MM prognosis by some authors [54], even though the 
opposite has been found in another study [55]. Moreo-
ver, the better survival in females had been previously 
also related to the more frequent epithelioid histology in 
females [17], whereas in this study the frequency of each 
histologic type, did not show any clear tendency.

Finally, asbestos lung burden showed a decrease after 
2011 (overall and in males) and after 2012 in females. 
This trend may reflect the effect of the restrictions and 
improvements in safety measures introduced in the 80 s 
and, more importantly, of the asbestos ban, introduced 
in Italy in 1992. This is the first pathological evidence 
of the effect of the ban of asbestos, in line with the 
decrease in MM incidence pointed out recently in most 
countries that introduced a ban of asbestos, as well 
as in Australia [56, 57]. The different trend in females 

seems to reflect their different type of exposure, mostly 
environmental, that, unlike occupational exposure, did 
not disappear completely after asbestos ban.

Conclusions
In the present article, we investigated the relevance of 
asbestos lung burden in determining MM risk by com-
paring deceased MM patients to the general popula-
tion. In addition, we assessed possible differences in 
asbestos lung content between males and females.

The results suggested that asbestos concentration 
is significantly lower in controls (and namely always 
below 100000 ff/gdw) compared to MM cases. Sec-
ondly, we found that females have a higher concentra-
tion of chrysotile and thinner fibers compared to males, 
and this might reflect a different response to chrysotile 
in the lung microenvironment.

This study adds meaningful and novel insights in the 
role of asbestos in MM, as it is one of the very few, in 
literature, that investigates lung content not only in 
cases of asbestos-related diseases, but also in a care-
fully selected series of appropriate controls. Moreover, 
the novel findings about possible differences in asbestos 
handling inside the lung microenvironment between 
males and females open new perspectives in the under-
standing of the carcinogenic potential of asbestos and 
calls for more research in this field. Finally, this study 
provides the first pathological evidence of the effect of 
the ban of asbestos twenty years after its implementa-
tion, demonstrating a significant decrease of asbestos 
lung content after 2011.
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