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Introduction

Malignant pleural mesothelioma (MPM) is a solid tumor 
originating from pleural mesothelial cells. It is associated 
with previous asbestos exposure; delayed onset of MPM 
following fibre exposure (up to 40 years) makes screening 
for the disease challenging (1). A slight increase in incidence 
has been observed over the last 10 years. An estimate 
based on 2008 data suggested an average of 14,200 cases 
worldwide each year. Total incidence is highest in the 
United States and United Kingdom although, per capita, 
Australia and Italy also rank highly (1,2). Most patients 
present at diagnosis with advanced disease; prognosis is 
poor with a median survival ranging from 7 to 12 months 
with supportive care or chemotherapy, respectively (3). 

Epithelioid, sarcomatoid, and mixed or biphasic are the 
three major histological subtypes of MPM with sarcomatoid 

type exhibiting the worse prognosis (4). 
 In the present paper, we describe the pathogenesis, 

clinical features and diagnostic procedures of MPM, 
including imaging and invasive exams to achieve disease 
diagnosis. 

Pathogenesis

Asbestos is the major carcinogen associated with MPM. 
Cancer occurs initially on the parietal surface and several 
pathogenetic mechanisms have been proposed (5): (I) 
asbestos fibres are able to irritate the pleura inducing 
scarring or progression to malignancy (6); (II) asbestos fibres 
are able to penetrate mesothelial cells, interfere with mitosis 
and generate mutations in DNA, altering chromosome 
structure (7); (III) asbestos triggers the production 
of oxygen free radicals responsible for intra-cellular 
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DNA damage and disruption of repair mechanisms (8);  
(IV) asbestos is able to interfere with early-response proto-
oncogenes which in turn promote abnormal cellular 
proliferation through mitogen-activated protein (MAP) 
kinases and extracellular signal–regulated kinases (ERK) 1 
and 2 pathways (9).

Additional environmental risk factors have been 
implicated in MPM development such as prior radiation 
exposure, other mineral fibers, such as Erionite, synthetic 
materials (ceramics, nanoparticles), etc. (5,10).

Furthermore, familial forms with autosomal dominant 
inheritance have been reported (5).

In addition, simian virus 40 (SV40) has also been 
reported as a potential cofactor in the pathogenesis of 
MPM, although its role remains controversial (11). 

Clinical presentation

MPM symptoms are non-specific and may mimic other 
respiratory disease (12,13). The majority of patients with 
MPM present with breathlessness, chest pain, weight loss 
and fatigue (14,15).

Symptoms may be due to Ipsilateral Pleural Involvement 
(Parieta l/Visceral ) ,  Intrathoracic  Spread,  Trans-
Diaphragmatic Extension, Distant Spread, and Paraneoplastic 
Syndromes. 

Shortness of breath is often initially due to pleural 
effusion; encasement caused by growing intrathoracic tumor 
is the major cause of breathlessness as disease progresses (16). 

Thoracic pain is common and multifactorial in MPM. 
Tumour invasion of chest wall may cause bone pain and 
neuropathic pain when tumour invades neural intercostal, 
paravertebral or brachial plexus structures.

Symptoms associated with advanced stage of disease 
include weight loss, fatigue, cachexia, fevers and night 
sweats; at this stage thrombocytosis, hypoalbuminemia, 
elevated erythrocyte sedimentation rate, and anaemia (3,5) 
are often detected.

MPM occurs initially unilaterally and local invasion of 
neighbouring structures including lymph node involvement 
may result in superior vena cava syndrome, pericardial 
effusion and subsequent cardiac tamponade, spinal cord 
compression as well as a subcutaneous involvement. The 
affected site becomes fixed and cannot expand. Further 
MPM progression may involve invasion of contralateral 
pleural cavity and peritoneum. Compared with lung cancer, 
distant metastases are usually rare since patients die before 
metastases occur (1,2).

Only a small number of patients are asymptomatic at 
diagnosis, having an incidental detection of abnormality on 
imaging undertaken for a different reason. They appear to 
have longer survival than symptomatic patients, probably 
because they are diagnosed earlier in the disease process (1). 
For this reason, it is important to carefully assess patients 
with a background of previous asbestos exposure who 
present with an unexplained pleural effusion. A proportion 
of these patients will develop MPM over time, and active 
follow-up increases the chance of early diagnosis and 
prompt treatment.

Diagnostic procedures

Standard diagnostic work-up in patients with MPM includes 
Chest X-ray, computed tomography (CT) scan of chest 
and upper abdomen, PET, MRI to define the extension 
of the disease. Invasive procedures are required to obtain 
specimens for a definitive histological and bio-molecular 
diagnosis. Additional investigations include blood markers 
and pulmonary function tests (17-19).

Chest X-ray

Chest radiography (CXR) is usually the first investigation 
performed. Typical findings include pleural effusion with 
loss of hemithoracic volume and occasionally nodular 
pleural thickening, irregular fissural thickening or a 
localised mass lesion (1-4). However, it has a low sensitivity 
and further imaging is usually required. Figure 1 reports a 
case of MPM followed-up through poster anterior chest XR 
images from diagnosis to disease. 

Thoracic ultrasound (US)

Thoracic US allows both evaluation of pleural fluid volume 
and detection of lesions on the pleura or diaphragm. 
Pleural-based mass lesions, pleural thickening >1 cm, 
nodular pleural thickening and diaphragmatic nodularity 
have a specificity of >95% with regard to malignancy but, 
as with chest X-ray the sensitivity is low at 40% and further 
investigations are needed if MPM is suspected (1,20).

CT scan 

CT scanning at diagnosis often shows pleural effusion 
at disease site, pleural thickening and involvement of 
the interlobar fissure and invasion of the chest wall. A 
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Figure 1 Poster anterior CXR follow-up images of progressive malignant pleural mesothelioma (MPM) in a 61-year-old female. (A) Baseline 
unilateral (left side) pleural effusion; (B) after 3 months, more diffuse pleural thickening and pleural masses; (C) after 5 months, further 
ipsilateral volume loss of the left hemithorax with elevation of the ipsilateral hemidiaphragm, ipsilateral mediastinal shift, and narrowing of 
the intercostal spaces; (D) after 8 months, contralateral spread of disease. CXR, chest radiography.
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C D

recent review of diagnostic performance of CT reported 
a sensitivity and specificity of 68% and 78%, respectively, 
for pleural malignancy (21). CT cannot differentiate 
MPM from metastatic pleural malignancy, although 
circumferential pleural thickening and mediastinal pleural 
involvement are more frequent in MPM. 

Magnetic resonance imaging (MRI)

MRI has superior soft tissue contrast over CT (20). 
Gadolinium contrast agent may improve delineation of 
T3 disease and visualize potential neoplastic foci in the 
diaphragm, pericardium or chest wall (22); it is particularly 
indicated when surgical resection is part of treatment plan. 

Of the available MRI techniques, diffusion-weighted MRI 
(DWI), is the most promising strategy for evaluating tumor 
extension and response to treatment. This technique relies on 

tissue variability of water motility which is quantified using the 
apparent diffusion coefficient (ADC). Necrosis and apoptosis 
related to treatment decrease the tumour cell density resulting 
in higher water mobility and therefore an increase in ADC 
values; accordingly, there is a significant increase in ADC 
values in patients who exhibit response to treatment with 
chemotherapy, radiotherapy, and novel agents (23). 

PET-CT scan

PET-CT scan combines high-resolution CT scanning with 
an injection of 18-fluoro-deoxy-glucose (FDG), which 
accumulates at areas of metabolic activity. FDG uptake is 
assessed at regions of interest and reported as standardised 
uptake values (SUV). Maximum SUV is higher in MPM 
than benign disease, and a threshold value of 2 can reliably 
differentiate between benign and malignant disease. 
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Therefore PET-CT scan is employed for MPM diagnosis 
and staging (1) as well as to guide surgical biopsy.

PET scan has several limitations. It cannot differentiate 
between MPM and metastatic pleural malignancy and 
there is no correlation between SUV value and histological 
sub-type. In addition, MPM in early stage or MPM with 
a low proliferation rate could have a low FDG uptake 
(false negative results) while inflammatory disorders such 
as rheumatoid pleuritic, tuberculous pleurisy and prior 
pleurodesis could be FDG-avid (false positive results) 

(1,24-27). To overcome these limits, three-dimensional 
measurements incorporating total tumor volume and 
metabolic activity may potentially be more sensitive than 
the SUVmax not only for diagnosis but also for evaluating 
the response to treatment (28). 

Figure 2 reports cases of intrathoracic MPM: (I) a MPM 
case of unilateral intrathoracic spread; (II) a case of MPM 
with direct tumor invasion to the contralateral pleura. 
Figure 3 reports a MPM case of direct tumor invasion to the 
peritoneum with carcinomatosis.

Figure 2 Whole-body 18F-FDG PET/CT. Coronal and Sagittal fusion imaging at middle and right side. Transverse reconstruction axis, at 
left side, has been reported as CT alone, at left top, and as fusion PET/CT imaging below: (A) MPM left unilateral side involvement; (B) 
severe 18F-FDG uptake of MPM pertinence at left side, with clear contralateral MPM involvement. MPM, malignant pleural mesothelioma.

A

B
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Biomarkers

Molecular profiling technologies to assess DNA, RNA, 
protein and metabolites have led to better understanding 
of the molecular basis of cancer, with identification of new 
disease markers (28-36).

Recent interest has been focused on BAP-1 protein loss (37).
Circulating serum biomarkers including mesothelin, 

osteopontin and vimentin have been evaluated in MPM (38).
Serum mesothelin-related protein (SMRP) has been 

found to be high in 84% of patient. Other serum markers 
such as CA-125, CA 15-3 and Hyaluronic acid are elevated 
while (1,39), conversely, carcinoembryonic antigen (CEA) is 
not increased in MPM.

Invasive procedures

Prompt and accurate diagnosis of MPM is important for 
therapeutic and medico-legal reasons. Cytological samples 
obtained by thoracentesis or by fine-needle aspiration 
biopsy may be inconclusive for a definitive diagnosis. 
Large biopsies and appropriate immunohistochemistry 
are generally mandatory for differentiating mesothelioma 
from other tumors (i .e. ,  adenocarcinoma) and for 
defining the histological sub-type. Biopsies can be 
obtained percutaneously under radiological guidance, or 
during thoracoscopy. In addition, VATS provides useful 
information on staging since it explores the entire pleural 
cavity, defines the extension of the tumor and detects 

A B
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Figure 3 Trans-diaphragmatic extension in a 62-year-old man with MPM and peritoneal carcinomatosis. (A) Axial contrast enhanced well-
collimated multidetector CT (MDCT); (B) sagittal multiplanar MDCT reconstruction images at level of left hemithorax showing nodular 
pleural thickening in the left hemidiaphragm (arrows) and a left pleural effusion (*). There is complete encasement of left hemidiaphragm 
with loss of fat plane between diaphragm and spleen (arrowheads) suggestive of transdiaphragmatic extension; (C) MDCT image shows a 
thick omental thickening in the left anterior abdomen (arrowheads) and ascites (*) due to intraperitoneal neoplastic seeding; (D) axial fused 
PET/CT image at the level of superior abdomen shows FDG-avid nodular thickening in the left sub diaphragmatic region (arrows).
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Figure 4 Staging for malignant pleural mesothelioma (40,41).

Primary tumor
T0	 No evidence of primary tumor
T1	 Tumor limited to the ipsilateral parietal pleura with or without mediastinal pleura and with or without diaphragmatic pleural 

involvement
T1a	 No involvement of the visceral pleura
T1b	 Tumor also involving the visceral pleura
T2	 Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic, and visceral pleura) with at least one 

of the following:
– Involvement of the diaphragmatic muscle
– Extension of tumor from the visceral pleura into the underlying pulmonary parenchyma

T3	 Locally advanced but potentially resectable tumor; tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal, 
diaphragmatic, and visceral pleura) with at least one of the following:
– Involvement of the end thoracic fascia
– Extension into the mediastinal fat
– Solitary, completely resectable focus of tumor extending into the soft tissue of the chest wall
– Non-transmural involvement of the pericardium

T4	 Locally advanced, technically unrespectable tumor; tumor involving all of the ipsilateral pleural surfaces (parietal, mediastinal, 
diaphragmatic, and visceral pleura) with at least one of the following:
– Diffuse extension or multifocal masses of tumor in the chest wall, with or without associated rib destruction
– Direct diaphragmatic extension of the tumor to the peritoneum
– Direct extension of the tumor to the contralateral pleura
– Direct extension of the tumor to a mediastinal organ
– Direct extension of the tumor into the spine
– Tumor extending through to the internal surface of the pericardium with or without a pericardial effusion or tumor involving the 
myocardium

Regional lymph nodes
NX	 Regional lymph nodes cannot be assessed
N0	 No regional lymph node metastases
N1	 Metastases in the ipsilateral bronchopulmonary or 

hilar lymph node
N2	 Metastases in the subcarinal or in the ipsilateral 

mediastinal lymph node, including the ipsilateral 
internal mammary and peridiaphragmatic nodes

N3	 Metastases in the contralateral mediastinal, 
contralateral internal mammary, ipsilateral, or 
contralateral supraclavicular lymph nodes

Distant metastases 
M0	 No distant metastasis
M1	 Distant metastasis

Stage grouping

Stage T N M

IA T1a N0 M0

IB T1b N0 M0

II T2 N0 M0

III

T1, T2 N1 M0

T1, T2 N2 M0

T3 N0, N1, N2 M0

IV

T4 Any N M0

Any T N3 M0

Any T Any N M1

the invasion of neighbouring structures (1-4). When 
imaging is equivocal, additional invasive procedures should 
be performed to investigate mediastinal involvement 
(mediastinoscopy, anterior mediastinotomy, EBUS-TBNA) 
and/or of contralateral pleural or peritoneum invasion 
(bilateral thoracoscopy and laparoscopy).

Staging and response assessment

Both staging and response assessment in MPM are difficult to 

be performed due to pattern of growth and disease progression. 
The absence of bi-dimensional measurable consolidations limits 
tumour size and nodal involvement assessment by conventional 
size-based imaging techniques. Several staging classifications 
have been proposed over the years, all of which have limitations 
for use in routine clinical practice regarding tumour (T-) and 
node (N-) extension. Mainly used TNM staging system was 
proposed by the International Mesothelioma Interest Group 
(IMIG) with the approval of Union for International Cancer 
Control (Figure 4) (40,41).
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Functional or molecular imaging techniques that reflect 
specific features of tumour pathophysiology, like PET, MRI 
-DWI and dynamic contrast-enhanced MRI (DCE-MRI) 
are attracting growing interest. However, despite accuracy 
limits, size measurement based response criteria remains 
widely used in MPM management (42,43).

New strategies

Multimodality therapy including surgery, radiotherapy and 
chemotherapy remains the approach for MPM treatment 
(1-4). Inter-individual differences in terms of response to 
multimodality treatment and impaired functional status 
make treatment decisions challenging in MPM.

Personalised treatment based on individual patient 
characteristics and tumour genetics are under investigation (44).

Targeted therapies to epidermal growth factor receptor 
(EGFR) antagonists and platelet-derived growth factor 
receptor inhibitors have shown promising results. Immune 
checkpoint inhibitors (ICI) are attracting much interest 
as first-, second- or third-line treatments demonstrating 
prolonged disease stability. The combination of chemotherapy 
with ICI, or multiple ICI, has shown to be synergistic in other 
tumours and warrants further exploration in MPM. 

Conclusions

MPM is an aggressive tumor, usually diagnosed in advanced 
stage and associated with a poor prognosis (ranging from 7 to 
12 months). Unexplained pleural effusion and pleural pain in 
patients with asbestos exposure should raise the suspicion of 
MPM. In addition to conventional imaging, functional imaging 
techniques have the potential to improve disease management.

Thoracoscopic biopsy remains the most appropriate 
procedure for definitive diagnosis.

Multimodality approach with surgery, radiotherapy and 
chemotherapy is currently the standard while new personalised 
treatments, including ICI have shown promising results. 
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