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Introduction

Mesothelioma is a rare, but deadly malignancy originating 
from mesothelial cells that line the body cavities. This 
disease is closely related to prior asbestos exposure with a 
latency period of several decades. Although mesothelioma 
can develop in other parts of the body such as the 
peritoneum, it most commonly involves the pleura and 
is largely considered a thoracic neoplasm. Most patients 
present with advanced disease, thus treatment is not 
commonly curative. Median overall survival ranges from 9 
to 17 months irrespective of stage (1). Treatment options 
include chemotherapy, radiation, and surgery, and are 
based primarily on tumor stage and histology. Multimodal 
treatment has been shown to be the most effective approach, 
but only benefits select patients with favorable disease 
subtypes. Management should involve a multidisciplinary 
team, and in many instances the focus is on symptomatic 
control and palliation.

In this article, the authors review the diagnosis and 
treatment for patients with malignant pleural mesothelioma. 

An overview of the presentation, diagnostic tests, and 
pre-treatment evaluation will be presented. Disease 
management will be discussed with respect to the general 
approach and considerations, surgical techniques, and 
multimodal therapy. Treatment options for palliation of 
pain and dyspnea will also be reviewed. 

Risk factors & epidemiology

Mesothelioma develops from the mesothelial cells that line 
body cavities. Most (81%) mesothelioma cases occur in the 
pleura, with fewer cases occurring in the peritoneum (9%) 
and rare cases involving the pericardium or testicle (2). The 
5-year relative survival for mesothelioma patients diagnosed 
between the years 2007–2014 was only 9.1%, with 1-year 
survival of only 34.8–47.3% (3). The poor prognosis is in 
part related to the fact that this disease is often diagnosed at 
an advanced stage and is extremely difficult to treat.

The main risk factor for mesothelioma is asbestos 
exposure (4). There is typically a delay of 20 to 50 years 
between the exposure to asbestos and a mesothelioma 
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diagnosis (5,6). It is estimated that asbestos will no longer be 
a factor in mesothelioma cases after the year 2042, but will 
be the likely cause in 34% of cases that occur between now 
and that year (7). Other environmental exposures, including 
some naturally occurring mineral fibers, are also thought to 
contribute to the occurrence of mesothelioma (8). Patients 
treated with radiation for lymphoma are also at higher risk 
for malignant mesothelioma (9). Smoking, however, is not a 
risk factor for mesothelioma (10).

Mesothelioma is estimated to occur in 2,500 people in 
the United States each year, with an estimated prevalence 
count of 5,903 on January 1, 2014 (3,7). The incidence of 
mesothelioma increased slightly from 0.9 per 100,000 in the 
early 1980s to a peak of 1.2 per 100,000 in 1994–1995, with 
a subsequent decrease to 0.9 per 100,000 in 2012–2014 (3).  
The incidence rate for woman has been stable at 0.4 per 

100,000 in the 1980s to the present, while the rate for 
men has decreased from a peak of 2.3 per 100,000 in 
1992–1993 to 1.6 per 100,000 in 2012–2014 (Figure 1).  
Environmental and occupational exposures probably 
explain why mesothelioma rates are about four times higher 
in men compared to women, and about two times higher 
in whites compared to blacks. The decreased incidence 
in men over time is possibly due to reduced occupational 
exposure to substances such as asbestos. Mesothelioma is 
very uncommon in patients younger than 50, with median 
age at diagnosis of 62 and the majority of cases occurring 
in patients over the age of 65 (3,11). The highest incidence 
rates are observed in patients in their 70’s and 80’s (3).

The geographical distribution of 92,253 mesothelioma 
deaths reported by 83 countries to the World Health 
Organization in the years 1994–2008 was skewed towards 
high-income countries (12). The United States reported the 
highest number of mesothelioma deaths, and over 50% of 
all deaths occurred in Europe. Less than 12% were reported 
by middle- and low-income countries.

Pre-treatment assessment

Presentation

Patients with malignant pleural mesothelioma typically 
present with some combination of dyspnea, chest pain, 
cough, weight loss, fatigue, and pleural effusion (13). 
Diagnosis can be difficult given that these symptoms and 
clinical findings also typically occur in other much more 
common diseases, such as pneumonia (14). Suspicion of 
mesothelioma generally requires demographic factors or 
occupational or exposure history that are associated with 
mesothelioma.

Diagnosis

Workup based on the above symptoms often begins 
with a chest X-ray, which generally shows a large pleural 
effusion. Chest X-ray findings typically lead to a computed 
tomography (CT) scan, and thoracentesis is often 
performed to drain the effusion. Establishing a diagnosis 
of mesothelioma based on cytology can be difficult because 
the cytological findings of mesothelioma overlap with other 
benign conditions (15,16). Although several cytological and 
histological findings may raise varying levels of suspicion 
for mesothelioma, the current requirement for a definitive 
clinicopathological diagnosis is the demonstration of 

Figure 1 Mesothelioma SEER incidence [Howlader N, Noone 
AM, Krapcho M, et al. (eds). SEER Cancer Statistics Review, 
1975-2014, National Cancer Institute. Bethesda, MD, https://seer.
cancer.gov/csr/1975_2014/, based on November 2016 SEER data 
submission, posted to the SEER website, April 2017].

Year of diagnosis

Source: SEER 9 areas. Rates are age-adjusted to the 2000 US Std Population (19 age 
groups - Census P25-1103). 
Regression lines are calculated using the Joinpoint Regression Program Version 4.4, 
January 2017.
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neoplastic invasion, such as infiltration into subpleural 
fat, chest wall skeletal muscle, rib or lung by histological 
examination. Diagnosis can also be made based on imaging 
studies and clinical exclusion of alternative causes for an 
atypical mesothelial proliferation (14,17,18). Since cytology 
does not provide assessment of tissue invasion, this test 
alone generally precludes the ability to make a diagnosis of 
mesothelioma.

Pleural biopsy is most often needed to demonstrate 
invasion and thus establish a diagnosis of mesothelioma. 
Options to obtain tissue include CT-guided core biopsy, 
video-assisted thoracoscopic (VATS) or open biopsy. Core 
biopsy with CT guidance can be a good option if there is 
an obvious mass present that is amenable to percutaneous 
biopsy (19). An advantage of surgical biopsy with VATS 
is that several areas can potentially be biopsied during the 
same procedure, and the use of frozen section can optimize 
the likelihood of obtaining a definitive diagnosis (20). In 
addition, any pleural effusion that is present can be drained, 
and chemical pleurodesis can be performed to manage the 
effusion. Open biopsy or thoracotomy should probably be 
restricted to a small incisional biopsy into the chest wall 
for those cases where the pleural space has been obliterated 
such that VATS is technically difficult to perform (14).

The histologic subtypes of mesothelioma include 
epithelioid, sarcomatoid (fibrous), and biphasic (mixed 
epithelioid and sarcomatoid) (21). Histology is a major 
factor with respect to both treatment and prognosis. 
Epithelioid is the most common histology (60%) and has 
the best prognosis, while sarcomatoid and biphasic are 
less common and have much worse prognoses (22,23). 
Establishing the histology prior to the initiation of 
treatment is critical in order to avoid unnecessary aggressive 
therapy, such as surgery in patients with sarcomatoid 
histology (24).

Pre-treatment evaluation

After a definitive diagnosis of mesothelioma has been 
made, subsequent evaluation is centered on establishing 
disease stage and assessing the patient’s suitability to 
tolerate treatment. Because symptoms often develop early 
on with local disease, patients typically present before the 
occurrence of distant metastasis (25). CT is the preferred 
modality for the initial radiological assessment (26). CT 
scans can often show multiple tumor characteristics as 
well as tumor extent, such as local invasion, lymph node 
involvement, and distant metastases. Quantitative FDG-

PET parameters have prognostic and predictive significance 
in pleural mesothelioma (27,28). PET scans may show 
findings missed by CT, which is extremely important if 
radical surgery is being considered (29). It should be noted 
that the inflammatory process resulting from pleurodesis 
can lead to findings on CT, and especially PET, that could 
limit the assessment of local disease extent.

Staging with invasive procedures is not necessary in 
patients who are only planning to receive supportive care 
or palliative chemotherapy. However, invasive procedures 
may be required to confirm resectability if cancer-directly 
surgery is being considered. Extended staging with 
mediastinoscopy, endobronchial ultrasound, endoscopic 
ultrasound, VATS, or laparoscopy can all be utilized to 
confirm that the extent of disease will not preclude safe 
or attempted complete macroscopic resection (26,30-32). 
These procedures allow for the evaluation of contralateral 
disease, peritoneal disease, and lymph node involvement.

The staging system of mesothelioma is somewhat 
limited because large patient sets are not generally available 
to allow adequate development and validation of the 
prognostic importance of the staging elements. However, 
the American Joint Committee on Cancer (AJCC) TNM 
staging system is currently considered the best system for 
describing mesothelioma (33-36). The 8th edition of AJCC 
staging for mesothelioma is presented in Tables 1 and 2, 
although it should be noted that most studies and treatment 
guidelines reference prior editions of AJCC staging, 
which do not separate stage III into A and B subgroups. 
This revision was made primarily on the basis of revised 
nodal staging, where N1 and N2 in previous editions were 
combined into a single N1 category in the 8th edition, and 
N3 was reclassified as N2 (34). N1 disease now includes 
all ipsilateral intrathoracic lymph nodes while N2 includes 
contralateral and supraclavicular lymph nodes, allowing 
the distinction between locally advanced disease that is 
potentially resectable (IIIA) versus disease that is not (IIIB). 
When staging is assessed by surgery, the TNM disease stage 
is a significant predictor of prognosis (14). Unfortunately, 
CT and PET cannot always reliably determine T and N 
stage (37,38), however they are important tests for excluding 
metastatic disease in patients who are being considered for 
surgical treatment (28,29). 

Additional tests to determine suitability for aggressive 
treatment should include pulmonary function testing 
and cardiac evaluation. For patients with diminished 
pulmonary function who are being assessed for extrapleural 
pneumonectomy (EPP), quantitative perfusion scanning 
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can be done to further evaluate the ability to tolerate 
a pneumonectomy. Patients who have significantly 
compromised cardiac or pulmonary function may be better 
served by focusing on palliative treatments. 

Management

Mesothel ioma pat ients  should  be  managed by  a 
multidisciplinary team with expertise in treating this 

difficult disease (39). Curative treatment options include 
surgery, radiation, or chemotherapy. Management options 
also include supportive care and palliative chemotherapy. 
The most important characteristics that should be 
used to select treatment include disease stage, specific 
histology, and the ability to tolerate therapy, which is 
assessed by performance status and medical comorbidities. 
Consideration of surgery is recommended for medically fit 
patients with clinical stages I–III epithelioid mesothelioma 

Table 1 TNM staging system for malignant pleural mesothelioma—American Joint Committee on Cancer, 8th edition (TNM staging elements)

Category Criteria

T category

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Ipsilateral parietal pleura, with or without visceral, mediastinal, diaphragmatic pleura involvement

T2 All ipsilateral pleural surfaces (parietal, visceral, mediastinal, diaphragmatic), plus at least one:

 Diaphragm muscle

 Pulmonary parenchyma

T3 (potentially resectable) All ipsilateral pleural surfaces (parietal, visceral, mediastinal, diaphragmatic), plus at least one:

 Endothoracic fascia

 Mediastinal fat

 Solitary and completely resectable focus extending into chest wall soft tissue

 Pericardium, non-transmural

T4 (unresectable) All ipsilateral pleural surfaces (parietal, visceral, mediastinal, diaphragmatic), plus at least one:

 Diffuse or multifocal chest wall

 Transdiaphragmatic extension

 Contralateral pleura

 Mediastinal organs

 Spine

 Pericardium, transmural

N category

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Ipsilateral bronchopulmonary, hilar, mediastinal lymph nodes

N2 Contralateral mediastinal or any supraclavicular lymph nodes

M category

M0 No distant metastasis

M1 Distant metastasis present
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based on prior AJCC staging systems (39), but should be 
restricted to stages I–IIIA disease according to AJCC 8th 
edition staging. For these patients, multimodality therapy 
is recommended. Chemotherapy alone is recommended for 
patients with stage IV disease or non-epithelioid histology 
and adequate performance status. Best supportive care 
should be utilized in patients with a performance status not 
adequate to tolerate chemotherapy. 

Surgery

Surgical resection should only be undertaken for patients 
with stages I–III (or AJCC 8th edition stages I–IIIA) 
epithelioid mesothelioma who are medically fit. If EPP 
is being considered, adequate pulmonary reserve must 
be confirmed preoperatively with pulmonary function 
testing and, in some cases, quantitative perfusion imaging. 
The primary goal of surgical therapy is cytoreduction by 
achieving complete macroscopic resection. As described 
above, staging with invasive procedures may be necessary 
beforehand to assess for peritoneal, contralateral, or lymph 
node disease. During attempted resection, if complete 
macroscopic resection is not feasible surgery should be 
aborted.

Options for surgical resection of malignant pleural 
mesothelioma include EPP and pleurectomy/decortication 
(PD). EPP involves en bloc resection of the parietal pleura, 
lung, pericardium, and diaphragm followed by pericardial 
and diaphragmatic reconstruction, while PD is a lung-
sparing technique resulting in complete removal of the 
entire ipsilateral pleural surfaces. An extended PD also 
involves pericardial and diaphragmatic resection and 

reconstruction, but with lung preservation. Although 
EPP is the established operation for this disease, there is 
growing evidence that PD may achieve comparable long-
term outcomes with less morbidity. It should be noted 
that neither surgical approach is capable of achieving R0 
resection due to the inevitability of residual microscopic 
disease (1,40,41).

EPP is the more aggressive operation and likely achieves 
a more complete R1 resection compared to PD, but at the 
cost of a higher postoperative complication rate (42,43). 
Thus, the surgical morbidity of EPP may eliminate any 
potential benefit of a better gross resection (44). Some 
data comparing EPP and PD suggests that survival may be 
better with PD (1,40,42,45), although these findings are 
difficult to generalize across such a heterogeneous disease 
entity. The most appropriate surgical procedure should be 
determined on an individual basis after considering tumor 
distribution, pulmonary function, and surgical expertise. 

Intraoperative adjunct therapies have been studied in an 
attempt to improve local control and treat micrometastatic 
disease that technically cannot be resected (46). Heated 
intraoperative chemotherapy (HIOC) involves the delivery 
of heated chemotherapy agents directly into the pleural 
cavity during surgery. The potential advantages include 
improved drug delivery to residual tumor cells, particularly 
with hyperthermia, and lower toxicity compared to systemic 
chemotherapy. Hyperthermic pleural lavage with an iodine-
based solution has been shown to cause cellular necrosis 
and an inflammatory reaction in in vitro studies, which may 
lead to an anti-tumor response (47). Several clinical studies 
demonstrate safety and potential benefit with this technique 
(48,49). Photodynamic therapy (PDT) is a light-based 
therapy involving administration of a photosensitizing agent 
followed by activation with a specific wavelength of light, 
which produces a highly reactive form of oxygen leading to 
tumor cell death. The combination of PDT with surgery 
may improve overall survival in mesothelioma patients (50).

Despite published treatment guidelines and the potential 
survival benefit of surgical resection, a recent population-
based study found that cancer-directed surgery overall was 
used in only 37% of patients with AJCC 6th edition stages 
I–III epithelioid mesothelioma, with a median survival 
of 19 months (24). The reasons why surgery appears to 
be underutilized is this subset of patients is not entirely 
clear and should be studied further. The role of surgery in 
malignant pleural mesothelioma will continue to evolve as 
patient selection and surgical techniques improve. 

Table  2  T N M  s t a g i n g  s y s t e m  f o r  m a l i g n a n t  p l e u r a l 
mesothelioma—American Joint Committee on Cancer, 8th edition 
(TNM stage groups)

Stage T N M

IA T1 N0 M0

IB T2–T3 N0 M0

II T1–T2 N1 M0

IIIA T3 N1 M0

IIIB T1–T3 N2 M0

T4 Any N M0

IV Any T Any N M1
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Multimodal therapy

Chemotherapy can be used alone for patients with stage IV 
disease or non-epithelioid histology (51-54). Survival benefit 
has been demonstrated with cisplatin-based chemotherapy 
alone compared to supportive therapy in patients with stages 
III and IV disease, irrespective of disease histology (55).  
The most appropriate first line regimen is combined 
cisplatin/pemetrexed, though pemetrexed/carboplatin or 
gemcitabine/cisplatin can also be options (56-58). Radiation 
alone is not recommended for therapy, but can be used as 
part of a multimodality regimen or for focal palliation (39). 

The benefit of combining surgery with other treatments 
has been increasingly studied (59-62). In a propensity-
matched analysis, trimodality therapy for epithelioid 
patients with chemotherapy, radiation, and surgery improved 
median survival to 23.4 months compared to 14.5 months 
with surgery alone (63). The National Comprehensive 
Cancer Network (NCCN) guidelines therefore recommend 
multimodality treatment that includes surgery for medically 
operable patients with clinical stages I–III (or AJCC 8th 
edition stages I–IIIA) disease and epithelioid histology (64).  
Specifically, the recommended treatment includes a 
combination of chemotherapy and surgical resection via 
either PD or EPP, with radiation given after EPP and 
considered after PD.

A number of targeted agents are currently being studied 
in malignant pleural mesothelioma, however data thus far is 
limited and results have been modest (65,66). Several small 
series suggest some benefit to checkpoint inhibitors such as 
pembrolizumab and nivolumab (67,68). Trials are ongoing 
to determine the role of these agents in previously treated 
patients.

Palliative or supportive therapy

In asymptomatic patients who are not undergoing 
aggressive treatment, observation for signs and symptoms 
of disease progression is appropriate. When symptoms 
develop, palliative therapies are an essential aspect in the 
management of mesothelioma patients. Dyspnea and pain 
are among the most common symptoms (69), and there are 
treatment options for both. Pain can be due to pleural-based 
disease, chest wall invasion, or nerve involvement. Aside 
from standard medical therapies, such as anti-inflammatory 
medications, opioids, and agents for neuropathic pain, 
palliative radiation may be beneficial in appropriately 
selected patients (70,71). Radiation therapy may also be 

useful in patients with dyspnea, esophageal symptoms, and 
superior vena cava syndrome provided the target lesion is 
confined to a relatively limited field (72).

Dyspnea can be related to restrictive chest wall processes, 
involvement of pulmonary parenchyma, or malignant pleural 
effusions. The latter can be treated with percutaneous 
drainage initially, followed by a more durable treatment 
such as pleurodesis or a tunneled pleural catheter if 
symptoms improve with fluid removal. Anxiety may also 
manifest as dyspnea, and treatment with anxiolytics such as 
benzodiazepines can improve symptoms in these instances.

Summary

Malignant pleural mesothelioma remains a challenging 
disease to treat with an overall poor prognosis. Treatment 
goals for patients with advanced disease and unfavorable 
histology should be centered on providing palliation of 
symptoms and optimizing quality of life. For select patients 
with epithelioid histology and potentially resectable disease 
who are medically fit, aggressive multimodal therapy 
including surgery offers the best long-term survival. 
PD is a lung-sparing surgical option that is less morbid 
and yields similar or improved outcomes compared to 
EPP, particularly when combined with other treatment 
modalities. Ongoing research in adjunct intraoperative 
therapies and targeted agents will hopefully improve the 
outlook for this formidable disease in the near future.
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