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 Summary
  Malignant pleural mesothelioma (MPM) is a rare and aggressive tumor that arises from the pleura.

  A previous exposure to asbestos is the main risk factor of mesothelioma. Clinical signs are mostly 
late and unspecific. Chest CT shows unilateral pleurisy associated with pleural nodular thickening 
and tumor invasion of adjacent structures. The diagnosis of MPM is based on histology using 
immunohistochemistry on pleural biopsies best obtained by thoracoscopy.

  The treatment of MPM relies mainly on chemotherapy. Surgery, pleurectomy/decortication or 
extrapleural pneumonectomy is rarely undertaken as a result of staging of tumor.

  This article shows that CT has an essential role in the diagnosis, assessment and monitoring 
response to therapy of patients with malignant pleural mesothelioma.
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Background

Malignant mesothelioma is an invasive cancer that devel-
ops from cells of the mesothelium. In the majority of cases 
mesothelioma affects the pleura (90%), and it is the most 
common primary tumor of the pleura. Mesothelioma may 
also affect peritoneum (peritoneal mesothelioma accounts 
for about 7% of all malignant mesotheliomas) and, very 
rarely, pericardium and tunica vaginalis [1].

Malignant pleural mesothelioma (MPM) is a medical prob-
lem of special interest that requires multidisciplinary 
approach due to the increasingly growing number of cases, 
as well as diagnostic and therapeutic difficulties.

Computed tomography plays an important role in diagno-
sis, staging and monitoring of treatment effects in patients 
with malignant pleural mesothelioma [2,3].

Epidemiological, Pathomorphological and 
Symptomatological Characteristics

Malignant pleural mesothelioma is a rare form of cancer. 
Its estimated that there is 1 case of mesothelioma in 100 

new cases of primary lung tumors. In Poland, approximate-
ly 200 patients are diagnosed with mesothelioma annually 
[4,5].

There is an upward trend in the incidence of pleural meso-
thelioma, which is attributed to a prolonged exposure to 
asbestos fibers (in the near past, asbestos was commonly 
used in construction, textile, shipbuilding and automotive 
industries) [4]. Because of the long latency period between 
first exposure to asbestos and manifestation of the disease 
(about 20 to 40 years), British epidemiologists predict that 
incidence of pleural mesothelioma will peak between 2015 
and 2020 [5].

MPM is most prevalent in men, and median age at diag-
nosis is about 60 years. In Poland, the highest incidences 
of pleural mesothelioma are reported in Silesia Province 
(woj. śląskie) and Małopolska Province (woj. małopolskie) 
(Zaklady Wyrobow Azbestowo-Cementowych in Szczucin 
near Dabrowa Tarnowska) [4].

Apart from asbestos (particularly crocidolite is considered 
to be more likely to cause cancer), there are other possible 
risk factors for malignant mesothelioma such as: 
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–  oncogenic polyomavirus or Simian virus (SV40) (some 
injectable polio vaccines given between 1955 and 1978 
were contaminated with SV40),

–  radiation (mesothelioma may develop in people exposed 
to high doses of radiation to the chest or abdomen, about 
20 years after radiation therapy),

– other minerals (e.g. erionite, beryllium and silica),
– chronic inflammation and genetic predisposition [4,6].

There are 3 histological types of malignant mesothelioma: 
epithelioid (comprises about 55% of malignant mesothe-
lioma cases and generally has the best prognosis), mixed 
(biphasic) (about 30% of cases) and sarcomatoid (comprises 
about 15% of cases and has the worst prognosis) [4].

Initially, pleural mesothelioma progresses slowly and does 
not give any symptoms. Early symptoms, such as chest 
pain and increasing shortness of breath on exertion due to 
pleural effusion, are nonspecific. Mesothelioma signs and 
symptoms vary, depending on tumor location and inva-
sion of adjacent structures, and may include superior vena 
cava syndrome, Horner’s syndrome or difficulty swallow-
ing. General symptoms such as fever, sweating, blood in 
the sputum (hemoptysis), cough, weight loss and weakness, 
may also occur. In severe cases tumor involves the ipsilat-
eral chest wall leading to its deformation and immobiliza-
tion. Sometimes, tumor may manifest as a palpable chest 
wall mass [4–7].

Computed Tomography Features in Malignant Pleural 
Mesothelioma

There are two morphological types of malignant pleural 
mesothelioma:
1.  diffuse (the most common type, usually involves the 

right chest wall) which spreads extensively on the pleu-
ral surface; initially it forms small nodules on the pari-
etal pleura in the posterior costophrenic angle, and sub-
sequently progresses to a solid mass that bonds together 
two pleural layers, covers the lung and enters the inter-
lobar fissures,

2.  localized (with better prognosis) which forms a well-
defined pedunculated tumor attached to the pleural sur-
face [7].

MPM may also invade fatty tissue and muscles of the chest 
wall, involve the diaphragm, spread directly into the peri-
toneal cavity and spread to the lungs via the lymphatic 
system. The tumor frequently involves mediastinal lymph 
nodes, and in advanced stages it may metastasize into the 
liver, lungs or bones [7].

Well-differentiated papillary mesothelioma (WDPM) is a 
rare subtype of epithelial mesothelioma that is limited to 
the pleural surface and does not invade adjacent struc-
tures. WDMP affects predominantly older adults. It is char-
acterized by a low-grade epithelial cell atypia and associ-
ated with a favorable prognosis.

On a standard chest x-ray, pleural tumors manifest by a 
pleural effusion and, less commonly, also pleural infiltration 
[6]. Spiral chest CT plays a key role in diagnosis of pleural 
mesothelioma, as it may detect the following symptoms:

1. Pleural effusion

Usually, pleural mesothelioma is associated with a large 
one-sided pleural effusion (pale yellow or bloody) [6,7].

Exudative pleural effusions are caused by local malignant 
processes leading increased capillary permeability.

According to the Light’s criteria, effusion is an exudates if: 
the ratio of fluid protein to serum protein is greater than 
0.5, ratio of fluid LDH to serum LDH is greater than 0.6, 
pleural fluid LDH level is above 200 IU/L.

On computed tomography, the attenuation coefficient 
greater than 20 HU (Hounsfield units) indicates that pleu-
ral effusion is an exudate. However, the median HU values 
increase to 40–50 HU if there is some blood in the exudate.

Most frequently, malignant pleural mesothelioma is associ-
ated with the presence of free fluid in the pleural cavity. 
Sometimes, the effusion may loculate, mainly at the base of 
the lungs.

Figure 1.  Chest CT. (A) Axial plane. (B) MPR reconstruction. Large 
right pleural effusion compressing the lung.

A

B

Review Article

S34

© Pol J Radiol, 2014; 79(Suppl.1): S33-38



Malignant pleural effusions tend to recur shortly after pleu-
rocentesis and drainage of the pleural cavity [7] (Figure 1).

2. Malignant pleural involvement

Characteristic computed tomographic (CT) features of pleu-
ral mesothelioma are specific and sufficient to make a pre-
liminary diagnosis of MPM.

The CT scan shows diffuse pleural thickening (greater than 
1 cm) with irregular, nodular outlines, where adjacent to 
the aerated lung area.

At early stages, focal pleural thickening may be present. 
Later, as MPM progresses, tumor spreads extensively and 
encloses the whole lung as in a shell resulting in decreased 
lung aeration.

Unlike benign pleural tumors, pleural mesothelioma fre-
quently involves mediastinal pleura and interlobar fissures. 
It may be also associated with calcified pleural plaques.

Malignant pleural mesothelioma shows heterogeneous sig-
nal enhancement on CT scans after intravenous contrast 
injection (Figures 2 and 3).

3. Malignant involvement of adjacent structures

Malignant pleural mesothelioma is an aggressive type of 
cancer. It frequently spreads directly to the adjacent struc-
tures such as chest wall (with associated rib and diaphragm 
destruction) or mediastinal organs (with associated pericar-
dial effusion). In advanced MPM, tumor spreads from the 
posterior costophrenic angle to the abdomen along the dia-
phragmatic crura.

Currently, computed tomography is the diagnostic modality 
of choice in the evaluation of pleural tumor extent, as well 

Figure 2.  Chest CT, axial plane. Right nodular pleural thickening.

Figure 3.  Chest CT, MPR reconstruction. Huge left pleural masses, that 
compress lung and extend to abdomen.

Figure 4.  Chest CT, axial plane. Tumor invasion of left mediastinal 
adipose tissue.

Figure 5.  Chest CT, MPR reconstruction. Left chest wall invasion.
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as tumor involvement of the chest wall, mediastinum and 
diaphragm [2,3].

Chest MRI may also be performed in patients potentially 
eligible for curative surgery to further assess overall tumor 
burden (Figures 4–6).

4. Enlargement of mediastinal lymph nodes

Tumor involves ipsilateral hilar and mediastinal lymph 
nodes in about 50% of patients (Figures 7 and 8).

5. Lung metastases

Lung metastases are common and may be found in about 
60% of patients (Figure 9).

6. Metastases to other organs

Computed tomography is routinely used to detect distant 
metastatic disease. However, PET/CT is not widely used in 
diagnosis of metastatic mesothelioma (Figure 10).

Definite diagnosis is based on histological analysis of 
specimens collected during videothoracoscopy. Video-
thoracoscopy enables the surgeon not only to collect tissue 
specimens for analysis, but also to asses pleural lesions and 
perform pleurodesis. Pleurodesis is a procedure that oblite-
rates the pleural space to prevent recurrent pleural effusion 
in patients receiving palliative treatment, and facilitates 
surgical intervention in patients eligible for surgery [8].

Computed tomography is also useful in assessing extent 
of disease. International Union Against Cancer (UICC 

Figure 6.  Chest CT, axial plane. A fracture of a left rib as extensive 
disease involvement (arrow).

Figure 9.  Chest CT, axial plane. Left pulmonary metastases 
manifested as nodules (arrows).

Figure 10. Abdominal CT, MPR reconstruction. Metastases in the liver.

Figure 7.  Chest CT, axial plane. Lymph node metastases.

Figure 8.  Chest CT, axial plane. Large right mediastinal node 
metastasis compressing a pulmonary artery and a bronchus.
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7th Edition, 2009) classification is well established staging 
system for malignant pleural mesothelioma. The system is 
based on the TNM classification in which T describes the 
primary tumor, N describes lymph node involvement and 
M describes distant metastasis (Table 1).

Pleural mesothelioma is considered poorly chemosensitive 
and radiation resistant tumor. Therefore, surgery is the 
only potentially curative treatment option. MPM surgery 
involves extrapleural pneumonectomy (EPP) or pleurecto-
my with decortication (P/D). Unfortunately, in the majority 
of cases, the disease is only detected when it is already in 

Characteristic Description

Primary tumor 

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor limited to the ipsilateral parietal pleura with or without visceral pleura involvement

T1a Tumor limited to the ipsilateral parietal pleura (mediastinum and diaphragm) without visceral pleura 
involvement

T1b Tumor limited to the ipsilateral parietal pleura (mediastinum and diaphragm) with focal visceral pleura 
involvement 

T2 Tumor involving ipsilateral parietal pleura with at least 1 of the following:
– involvement of visceral pleura (including fissures)
– involvement of underlying pulmonary parenchyma
– involvement of the diaphragmatic muscle

T3 Tumor involving ipsilateral pleura with at least 1 of the following: 
– involvement of the endothoracic fascia
– extension into the mediastinal fat
– solitary focus of tumor extending into the soft tissue of the chest wall
– nontransmural involvement of the pericardium

T4 Tumor involving ipsilateral pleura with at least 1 of the following: 
– diffuse extension or multifocal masses of tumor in the chest wall with rib involvement
– direct diaphragmatic extension of the tumor to the peritoneum
– direct extension of the tumor to a mediastinal organs
– direct extension of the tumor to the contralateral pleura
– direct extension of the tumor into the spine
– tumor extending through to the internal surface of the pericardium with pericardial effusion
– tumor involving the myocardium
– tumor involving brachial plexus 

Lymph nodes

NX Regional lymph node(s) cannot be assessed

N0 No regional lymph node metastases

N1 Metastases in the bronchopulmonary or hilar lymph node(s)

N2 Metastases in the subcarinal and/or in the ipsilateral mediastinal/parasternal lymph nodes

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

Distant metastases 

M0 No distant metastasis 

M1 Distant metastasis

Table 1. Assessment of staging among patients with malignant pleural mesothelioma (UICC 2009).

an advanced stage and only 15–20% of patients are eligible 
for curative treatment. The 5-year survival rate for surgi-
cally resected patients is less than 15%. Patients with unre-
sectable tumors receive palliative chemotherapy and have 
a median overall survival of 6–7 months [5].

Computed tomography plays a key role in monitoring treat-
ment effects in patients with MPM.

Assessment of response to chemotherapy is difficult in 
patients with advanced malignant pleural mesothelioma, 
since the tumor tends to spread longitudinally along the 
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pleura and rarely grows as an oval 2-dimensional tumor 
mass. Therefore, modified RECIST (response evaluation cri-
teria in solid tumours) criteria are recommended to assess 
treatment response in malignant pleural mesothelioma. 
RECIST scale is based on the sum of the longest perpendicu-
lar (to the chest wall or mediastinum) diameters (LDs) meas-
ured at three levels in two planes (6 diameters in total) [5,9].

Conclusions

Currently, computed tomography is most commonly used to 
diagnose pleural malignant mesothelioma, to assess tumor 
extent and response to treatment.
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CT may underestimate the extent of disease in patients 
with early chest wall and peritoneum involvement. Its 
usefulness is also limited in patients with early mediasti-
nal lymph node involvement. MRI is a valuable diagnos-
tic tool to assess the involvement of adjacent structures 
and to differentiate between benign and malignant pleural 
tumors [3].

PET is not widely used in routine diagnosis of malignant 
pleural mesothelioma. However, it can provide impor-
tant information for differentiation between benign and 
malignant pleural tumors and may help detect mediastinal 
lymph node involvement or occult distant metastases [2,3].
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