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Introduction

Malignant pleural mesothelioma (MPM) is an uncommon 
neoplasia.

In 2016, mesothelioma of any site had an incidence rate 
of 2.0 cases per 100,000 men and 0.3 per 100,000 women 
in Italy (1), with pleural localization as the commonest site 
(93% of cases) (2). However, in some geographic areas, 
incidence has considerably increased over the last decades 
due to professional exposure to asbestos, whose correlation 
with the onset of mesothelioma is now clearly established. 
Because of professional exposure MPM affects male much 
more then female, and the latency period let the tumour 

develop and manifest about 30 years after exposure.
Pleural mesothelioma is notoriously a tumour with high 

mortality rate and has a mean survival of 10 months (AIOM 
Guidelines, 2016) (3), so that cause-specific mortality well 
reflects the incidence of disease. 

Clinical manifestations of mesothelioma are not specific, 
so the diagnosis of malignant mesothelioma can be difficult 
with symptoms and clinical findings that can mimic and be 
mimicked by other diseases.

Among available imaging tools chest X-ray is the first-
line approach (4) and it is generally abnormal in advanced 
stages of disease, showing in most cases the presence of 
unilateral pleural effusion or pleural thickening. Diagnostic 
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accuracy of chest X-ray is obviously low but can be adequate 
in early stages to suspect the disease. Suspicion is based on 
the presence of some radiographic signs easily observed: 
drug-resistant unilateral pleural effusion, unilateral 
lobulated pleural thickening with or without thickening 
pleural fissures, multiple masses with peripheral distribution, 
and loss of volume in the hemithorax involved. Above all 
unilateral pleural effusion was found in 30% to 80% of the 
early-stage disease and it often hide the underlying neoplasia 
(5,6). It must therefore be considered suspicious, especially in 
patients with known or probable exposure. 

Contrast-enhanced volumetric computed tomography 
(CT) scan of the chest represents the gold standard 
to the imaging diagnosis. The features of malignant 
pleuropathy have been well described in literature and 
can be summarized as: circumferential pleural thickening 
(pleural rind); thickened mediastinal pleura; nodular or 
lobular borders within the internal profile; irregular borders 
of the external profile (infiltration of the wall); mediastinal 
and pericardial infiltration, lymph nodes in extra pleural 
fat tissues (7-12). Pleural effusion is an unspecific sign 
and pleural calcific or not calcific plaques are indicative of 
asbestos exposure but not of neoplastic pathology (8). 

Main differential diagnosis is metastatic pleuropathy, 
which have a  more “discrete” and discontinuous 
distribution, while mesothelioma tends to manifest with a 
continuous distribution, like a rind. However, there are not 
specific diagnostic criteria to perform differential diagnosis 
between metastatic pleuropathy and MPM; considering that 
pleural metastasis is more frequent than MPM with a ratio 
of above 95:5. 

MPM’s CT staging is  s imilarly based on some 
characteristic features: thickening of the visceral pleura, which 
is discernible only when effusion is present, and infiltration of 
contiguous structures such as lung parenchyma, mediastinal 
organs, chest wall, diaphragm and peritoneum, more visible 
with multiplanar reconstruction. CT underestimates some 
features of T staging such as chest wall and peritoneum 
invasion; furthermore, it has low diagnostic accuracy for 
N staging (about 50%). Nevertheless, CT is considered 
mandatory for patients’ staging and follow-up (13-15).

Magnetic resonance imaging (MRI) is not routinely 
performed in the clinical practice for patients with MPM; 
there is some evidence in literature that MRI signal could 
be useful to differentiate malignant pleuropathy from 
benign pleural fibrous plaque (12,16). MRI is better than 
CT for detecting invasion of chest wall, mediastinal and 
nervous structures as brachial plexus, and peritoneum (15) 

and is generally reserved for those patients eligible for 
surgical treatment. 

18F-FDG-PET/CT can show metabolic activity at the 
level of pleural thickening in case of mesothelioma, allowing 
differential diagnosis with fibrous pathology in most cases. 
It can demonstrate lymphadenopathy and distant metastasis 
with sensibility of 90% and specificity close to 80%. PET/
CT is better than CT and MRI for N and M staging, 
improving inter-observer agreement and preoperative staging 
accuracy (15,17,18). In case of metastatic pleuropathy, PET/
CT could detect a primitive tumour.

Patients with remarkable pleural thickening without 
effusion can perform trans-parietal ultrasound (US)- or 
CT-guided biopsy. The sensibility of trans-parietal biopsy 
is between 50% and 85% (19), lower than thoracoscopy; 
for this reason, it is therefore not routinely recommended 
for definitive diagnosis of mesothelioma, except in patients 
non-suitable to thoracoscopy. Indeed, when MPM is 
suspected by clinical or radiological data the diagnostic 
accuracy of thoracoscopy is very high, exceeding 90%, and 
complications occur in less than 10% of cases (14,15,20).

During the follow-up, patients are followed with clinical 
controls and evaluated within the multidisciplinary group 
whenever a recurrence of the disease is suspected. CT is 
performed every 3–4 months during the first year of follow-
up (Figure 1) or anytime when a recurrence is suspected. 
Then, radiological follow-up is defined for each patient on 
clinical basis. 

Despite available treatments MPM has a poor short- and 
medium-term prognosis with main symptoms characterized 
by pain and dyspnoea, due to pleural effusion and 
infiltration of chest wall.

Finally, as regard the possibility of early diagnosis, it is 
necessary to consider that MPM is a fast-growing tumour with 
high mortality rate and overall survival less than 1 year (1).  
For this reason, even if the main risk factor is well known 
(asbestos exposure) there is no screening protocol suitable to 
perform an early diagnosis and to reduce the mortality. By the 
way, screening protocols are available for the other recurrent 
pathologies in exposed subjects, such as lung cancer.

CT screening in asbestos exposed subjects

Low-dose CT (LDCT) screening of lung

High resolution CT (HRCT) for asbestos-related interstitial 
lung disease (asbestosis) requires sequential scanning 
technique with full dose (kV 100–140, mAs 200–250),  
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and slice thickness of 1 mm (21); the axial sections are 
acquired with 10-mm intervals at different level of the 
chest with patient in prone position and at full inspiration. 
This technique allows the use of a low-dose (around  
2–3 mSv). Main limitation of this technique is however the 
gap between noncontinuous slices that causes problems in 
the detection of small lung nodules (<1 cm).

For this reason, a volumetric acquisition without 
interspace of entire lungs is necessary, with the disadvantage 
of a higher-dose exposure (5–7 mSv). From the 1990s, a 
LDCT volumetric acquisition technique was developed; 
it is based on milliampere reduction (mAs 20–40) and 
continuous sections of 1 or 1.5 mm acquired with a dose 
exposure below 2 mSv. This technique allows a high spatial 
resolution useful for lung parenchymal examination and 
pulmonary nodules identification. 

Many observational and randomized studies about the 
use of LDCT in lung screening protocols were performed. 
For instance, a large-scale observational study, the American 

ELCAP, was conducted from the late 1990s, demonstrating 
that LDCT has a greater sensibility than chest X-ray to 
detect tumour at early and treatable stage in screening 
population (22,23).

More recently, the National Lung Screening Trial 
(NLST) demonstrated a cause-specific mortality reduction 
in strong smokers submitted to lung cancer LDCT 
screening. This is an US randomized controlled multicentre 
trial (24) with around 50,000 subjects enrolled, randomized 
in an active group (annual LDCT screening test) and 
control group (chest X-ray). The trial demonstrated a 
significant reduction of mortality in LDCT screening group 
such as 20% from lung cancer and 7% from all causes, so 
the study was suspended after 2 years because of excess 
benefit. Nowadays, US Medicare covers the costs of lung 
cancer screening in strong smokers (25). In addition, an 
Italian randomized trial (ITALUNG) recently published the 
definitive data (26), showing a decrease of overall mortality 
rate (17%) and of lung cancer mortality rate (30%) in the 

Figure 1 MPM diagnosed during ITALUNG lung cancer screening trial among strong smokers. (A,B) July 2005 CT scan at different levels 
shows pleural effusion without pleural thickening; (C,D) November 2005 CT scan after thoracentesis shows evident progression of pleural 
thickening. MPM, malignant pleural mesothelioma; CT, computed tomography.
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group annually screened by LDCT.
The above-mentioned studies confirmed the role of 

LDCT as a screening tool for detecting lung cancer in 
subjects at risk, although European researchers are still 
discussing the possible role and cost/benefit ratio of 
screening programs in large cohorts. 

HRCT and LDCT in Helsinki Declaration

Based on this evidence, screening for asbestos-related 
disease with LDCT was considered in the literature. In 
the recent publication of Helsinki criteria about asbestos, 
asbestosis and cancer, the possibly role of lung cancer 
screening was evaluated and recommended (27) in subjects 
exposed to asbestos.

In the first part, the document (Area 1) suggests the role 
of lung cancer screening with LDCT in exposed subjects 
and recommends to use a standardized method and to 
create a large database of the results.

Inclusion criteria for screening in exposed subjects are 
defined:

(I) Workers with any history of asbestos exposure 
and with smoking history equivalent to subjects 
enrolled in NLST;

(II) Workers exposed with or without a smoking 
history, but with overall risk equivalent to those 
enrolled in the NSLT.

Finally, the paper suggests to concentrate the screening 
activity in a single regional or national unit, in order to 
optimize procedures and standardize results analysis.

The second part of the Helsinky declaration (Area 2) 
summarizes the role of CT in surveillance/screening of 
asbestos-exposed workers. Medical legal issues justify the 
use of CT more than a scientific evidence of benefit for 
exposed subjects with many differences between nations and 
medical centres. There are some cases where CT may be 
useful in diagnosis of asbestos-related diseases: borderline 
chest X-ray (ILO 0/1 or 1/0), discrepancy between 
chest X-ray and pulmonary function tests and extensive 
pleuropathy that hides lungs. The Helsinki protocol 
recommends the use of an international classification 
[ICOERD criteria (28)] for pulmonary and pleural 
abnormalities detected on CT to identify both malignant 
and non-malignant asbestos diseases. The ICOERD system, 
comparable to the 1980 ILO international classification of 
radiographs for pneumoconiosis, defines the criteria for 
diagnosis of asbestosis using standard reference images. 
In particular, bilateral basal irregular opacities (sum grade 

≥2–3) or bilateral honeycombing (sum grade ≥2) would be 
sufficient to represent fibrosis and to diagnose asbestosis. 

LDCT lung cancer screening in asbestos-exposed workers

From 2002 to 2009, the results of some lung cancer 
screening trials with LDCT on asbestos-exposed workers 
were published (29-34). Unfortunately, in these studies 
CT image acquisition and reconstruction algorithms 
are different as well as technical parameters (mA, slice 
thickness, reconstruction interval, additional HRCT slices, 
etc.); furthermore, the criteria to determine a positive test 
are not homogeneous. Most of all use ELCAP, I-ELCAP 
criteria (22,23) or a modification of these (29,31,32,35) to 
determine a positive test for non-calcific nodule; in other 
trials the presence of pleural abnormalities is a criterion 
considered for a positive test (29-32), but the definitions of 
pleural involvement and subsequent work-up are various 
and not always included in the protocol study.

These differences make it difficult to compare the results 
of the trials, although a recent meta-analysis (36) showed 
that lung cancer prevalence in asbestos-exposed workers 
screening is equivalent to that reported in strong smokers.

For instance, the observational study of Fasola et al. (33) 
performed in Udine on 1,045 asbestos-exposed workers 
(mean age, 58 years; mean exposure time, 30 years; 66% 
smokers) identified 9 lung cancers (detection rate 1%),  
8 at stage 1; no mesothelioma at baseline was found. The 
authors concluded that lung screening with LDCT is 
useful in asbestos-exposed subjects at least as in strong 
smokers. On the contrary, Mastrangelo et al. (32), in an 
observational study performed in Padova, evaluated over 
1,119 exposed subjects (mean age, 57 years; mean exposure,  
123 fibers/mL × year; 65% smokers) and identified 5 lung 
cancers (detection rate 0.4%), 1 at stage 1; no mesothelioma 
was found. In this paper lung cancer screening with LDCT 
was not considered cost-effective.

Even in lung cancers screening designed for strong 
smokers enrolled with various criteria, were occasionally 
included asbestos-exposed subjects (22-24,37). In I-ELCAP 
study, subjects with professional asbestos exposure enrolled 
were about 5% (23), while in NLST (38) study 4.6% of 
active group and 4.8% of control group were asbestos 
exposed workers. Data resulting from these subgroups of 
subjects could be interesting, because they compare smokers 
or ex-smoker with a similar risk profile.

It should be also mentioned a paper published by Remy-
Jardin et al. (39) that compared the interstitial abnormalities 
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evaluated on asbestos-exposed subjects both with prone 
HRCT and supine LDCT. The authors demonstrated that 
LDCT is an accurate method for diagnosis of asbestos-
related pathology because it allows the diagnosis of lung 
interstitial abnormalities with an accuracy comparable 
to HRCT allowing the detection of pleural lesions and 
parenchymal nodules. Furthermore, no differences were 
found to classify parenchymal abnormalities in both scans; 
it is due to full inspiration during short-time examination 
in supine position, which prevents the development of areas 
of increased density in lung dependent, that could mask 
or mimic signs of interstitial pathology. A negative LDCT 
is therefore considered sufficient to exclude pleural and 
pulmonary asbestos-related disease.

Discussion and conclusions

Lung cancer is a very important problem in asbestos-
exposed workers, with an incidence and mortality higher 
than MPM. In our clinical data (unpublished), 21 lung 
tumours (1.38%) and only 2 MPM (0.13%) among 1,513 
patients were detected.

In the literature, Ohar et al. (40) reported a 1.9% lung 
cancer prevalence among 3,383 asbestos-exposed workers 
with a low ILO score. Ameille et al. (41) in the French 
National Monitoring Program reported an estimated 
annual incidence of lung cancer in asbestos-exposed workers 
between 2,086 and 4,172 (1990) and an annual MPM 
incidence between 646 and 800 [1998–2003]. Moreover, it 
is known that the interaction between asbestos exposure and 
smoking habit has an additive or multiplicative effect for 
developing lung cancer (42).

Even more impressive are the results of a meta-analysis 
of McCormack et al. (43), based on 55 different cohorts, 
which reported a lung cancer mortality at least twice as that 
from MPMs on asbestos exposed subjects, with the only 
exception of crocidolite. In a more specific way, a meta-
analysis of Ollier et al. (36) evaluated seven lung screening 
studies in asbestos-exposed workers, and reported 49 lung 
tumours between 5,074 asymptomatic subjects, with a 
prevalence of 1.1%; 18 tumours (36.7%) were at stage I 
and underwent radical surgery. Authors conclusion was that 
LDCT screening in asbestos-exposed subjects could reduce 
mortality as observed in strong smokers, and should not be 
denied, especially in patients with both exposures.

From a methodological  point of  view, an ideal 
integrating screening test for asbestos-related pathologies 
would be a CT technique, that provides information 

on parenchymal nodules, interstitial abnormalities, as 
well as pleural pathology. R Jardin underlies as LDCT 
is an accurate method for diagnosis of asbestos-related 
interstitial pathology, with accuracy similar to HRCT and 
simultaneous allows evaluation of pleural lesions and lung 
parenchymal nodules, thus providing the best technique for 
a possible screening among asbestos-exposed people (39).

A distinctive feature of screening programs with LDCT 
in exposed subjects compared to surveillance protocols is 
that the protocol requires subsequent controls at constant 
and predetermined intervals, usually 1 year, even with a 
baseline negative test. The purpose of the annual interval (44)  
is to allow the detection of any changes between successive 
examinations, such as the occurence of a new nodule or the 
growth of some pre-existing nodules, which are elements of 
suspicion.

Intervals between CT scans are determined on the basis 
of time of growth of the most common lung cancers found 
in risk population, generally a peripheral form with histology 
of adenocarcinoma (45,46). Unfortunately, MPM, as well as 
small cell lung cancer (SCLC), is a tumour with a very rapid 
growth rate that eludes the screening intervals. Therefore, 
these tumour histotypes (MPM and SCLC) are not the 
object for screening programs, although they are occasionally 
identified and usually reported as interval cancer (Figure 1).

In conclusion could be useful to emphasize the 
recommendation of Helsinki Criteria, which says that “it 
is reasonable to recommend that adults with asbestos exposure be 
evaluated for eligibility for lung cancer screening. Those adults 
with prior exposure to asbestos who are in reasonably good and 
who are at or above the risk threshold set for participation in the 
NLST, whether based on smoking history, the combination of 
asbestos exposure and smoking history, or asbestos exposure alone, 
should be considered for screening for lung cancer” (27). 

Although the research is very active in this field, the 
current point of view is that MPM screening is not feasible; 
instead lung cancer screening in asbestos-exposed subjects, 
with a careful evaluation of risk factors, is not only possible, 
but also desirable.
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