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Abstract: Malignant pleural mesothelioma (MPM) is a rare cancer originated from pleural mesothelial cells.
MPM has been associated with long-term exposure to asbestos. The prognosis of MPM is poor due to the difficulty
of making diagnosis in the early stage, the rapid progression, the high invasiveness and the lack of effective
treatment. Although the incidence of MPM is low in China to date, it has a tendency to increase in the coming
years. The variety of clinical features may cause the delay of diagnosis and high rate of misdiagnosis. The diagnosis
of MPM is based on biopsy of the pleura and immunohistochemistry. As China has become the largest country
in the consumption of asbestos, it would give rise to a new surge of MPM in the future. The current treatment
of MPM is multimodality therapy including surgery, radiotherapy, chemotherapy and immunotherapy. Two
surgical procedures are commonly applied: extrapleural pneumonectomy (EPP) and pleurectomy/decortication
(P/D). Three dimensional conformal radiotherapy is used to denote a spectrum of radiation planning and delivery
techniques that rely on the 3D imaging to define the tumor. Cisplatin combined with pemetrexed (PEM) is the
first-line chemotherapy for MPM. The principal targets in immunotherapy include T cells (Treg), CTLA-4 and
PD-1. The diagnosis, treatment and prognosis still remain a major challenge for clinical research and will do so for

years to come.
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Malignant pleural mesothelioma (MPM) is marked by its
difficulty of diagnosis in the early stage, lacking effective
treatment and poor prognosis. The incidence of MPM in
China is approximately 0.1-0.6/10 million, lower than the
global incidence, which might be caused by high rate of
the acatalepsia and misdiagnosis of MPM. The incidence
of MPM has a growing tendency worldwide (1), and the
incidence is likely to peak between 2015 and 2030 (2). MPM
occurs in any part of the parietal pleura and the visceral
pleura, while about 80% occurs in the visceral pleura
and 20% occurs in the parietal pleura (3). MPM affects
predominately the elderly, who are older than 65 (4); however
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the disease may occur at any age. The most common etiology
is asbestos exposure (5). As China has become the largest
asbestos-consuming country in the world, it could give rise
to a surge of MPM in the future. The production and the use
of asbestos have been banned in most of the European and
American countries (6). In addition, simian virus 40 (§V40),
erionite, radiation and some chemicals may be important
factors as well leading to MPM. The clinical manifestations
of MPM are diverse. Rapid progress and swift deterioration
in a few months are common clinical features of MPM. At
present more effective treatment options for patients with
MPM are under study, which are still to be overcome (7).
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Figure 1 Diagram of multi-step tumorigenesis mesothelioma after long term exposure to asbestos.

Now the purpose of this paper is to have a review of MPM.

The pathogenesis

MPM was first reported by Miller in 1908, and the
association between MPM and the exposure to asbestos was
first proposed by Wagner in 1960. Statistics showed that
75-87% of the MPM patients have a history of asbestos
exposure, mostly with crocidolite (8). The mechanism of the
disease is still not entirely clear. Some scholars argue that the
size and shape of the asbestos are more important than the
role of the chemical traits in the carcinogenic mechanism,
usually the asbestos fibers with small diameters are strong
carcinogens. As the asbestos being inhaled into the lungs,
it can form oxided iron bodies, which can be recognized
but not be swallowed by the macrophages, causing a
reactive hyperplasia of multinucleated marcrophages. The
uncontrolled proliferation of multinucleated macrophages
results in the mutation of mesothelial cells and ultimately,
the development of cancer cells (9). As specific lymphocytes,
natural killer (NK) cells have a role in identifying and killing
tumor cells, but the activity could be inhibited by asbestos,
which may be dose-dependent inhibition (10). This is also
consistent with the experimental data that the MPM occurs
in areas with a higher quantity of asbestos deposited. The
results also confirm that asbestos was one of the causes
leading to MPM (11). Puntoni ef 4/. summarized 13 papers
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on malignant mesothelioma familial aggregation published
from 1980 to 2003 (12). They found that only a few numbers
of the family suffered from malignant mesothelioma (mostly
arising from the pleura) despite common environments such
as a history of asbestos exposure. Genetic factors should be
taken into account while statistical analysis is performed. The
latency period of MPM induced by asbestos is shorter than
the general population, and the earlier the onset of disease,
the shorter survival time. Non-asbestos-related MPM also
has been reported in the world (13). In addition, long-term
exposure to SV40, tuberculosis infection, genetic factors,
contacting with the fiberglass, zeolite, radiation and other
factors can also lead to the occurrence of MPM (14). Some of
the molecular mechanisms of etiology of MPM are listed in
Figure 1 (15,16).

The pathological morphology

There are three different pathological types of MPM:
the epithelioid, the sarcomatoid and the biphasic type.
The prognosis of the epithelial type is better than the
non-epithelioid, and the sarcomatoid type has the
worst prognosis (17). The epithelioid MPM showed
a proliferation of oval or polygonal tumor cells, often
lacking of nuclear fission, being lined by vascular structures
formed by cuboial cells and the papillary structures
with microvascular axis. The sarcomatoid type is mainly
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characterized by the proliferation of spindle cells with
oval nuclear formation, a small amount of double-staining
cytoplasm and the prominent nucleus. Some cases have
fibrosarcoma-like morphology. The mixed type is a
combination of the both characteristics as stated above. It
also could be divided into the localized type and the diffuse
type in terms of the growth pattern and the morphology
of the tumor. The localized type have been proved that
it originate from mesenchymal cells which have a fiber
differentiation trend, instead of mesothelium (18). And it is
generally believed that the localized type has nothing to do
with smoking and exposure to asbestos (19).

Clinical manifestations

The clinical manifestations of MPM patients vary largely,
typical symptoms including thoracodynia, dyspnea and
pleural effusion, often accompanied with weight loss,
weakness and other symptoms. The onset of symptoms
are insidious and not specific, resulting in the high
misdiagnosis rate. Relevant data have shown that most
of the MPM patients have the primary symptom of
phrenic nerve paralysis (20). The chest pain in MPM
patients is a steady pain as a performance of disease
progression. Mesothelioma often present with recurrent
effusions, but one also has to recognize that not all
mesotheliomas yield effusions. Pleural mesothelioma
might last for years before diagnosis. In advanced
stages, patients may develop symptoms from continued
growth of MPM and suffer from tumor cachexia (21).
Patients may also experience a leukemoid reaction,
metabolic abnormalities and other symptoms caused by
tumor metastasis (22).

Diagnosis

The diagnosis of MPM mainly relies on the pleural
biopsy at present. The thoracoscopic pleural biopsy
has become the most reliable method for the diagnosis
and the antidiastole of MPM for its comprehensive
observation, accurately obtaining the tissue specimens as
well as the advantage of mini-invasive lesions. However
Kao et al. (23) found that it is difficult to make a definite
diagnosis through the pleural biopsy alone. And the
accuracy of diagnosis of MPM could be improved when
immunohistochemical examination is considered. The
selection of immunohistochemical markers depends on the
differentiated tumors, including sarcomatoid carcinoma
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and varieties of sarcomas. Cytokeratin (CK) has important
significance in the diagnosis of mesothelioma, and a study
has also shown that 92% of sarcomatoid mesothelioma is
positive for CK (24). The related immunohistochemical
markers of MPM also include calretinin (CR), D2-40,
CK5/76, WT-1, VIM, CD105 and so on. The sensitivity
of CR in the diagnosis of epithelioid mesothelioma is
94-100%, making it being a screening index of MPM. The
positive expression of D20-40 may be used as one of the
diagnostic references in sarcomatoid mesothelioma, but
this also occurs in the lymphatic epithelial cells and reactive
mesothelial cells, making the emergence of false positive,
which also let us take a comprehensive consideration of the
information at diagnosis (25). As one of the high specific
index of MPM, CKS5/6 is located on the plasmalemma, and
mostly expressed in epithelioid mesothelioma. Vimentin
(VIM) is mainly expressed in stromal cells and tumor-
derived cells; it also can be expressed in MPM, especially
in the sarcomatoid mesothelioma and the poorly mixed
mesothelioma, which can be used for differential diagnosis
with metastatic adenocarcinoma of lung. Similar to CR,
VIM has better sensitivity and negative predictive value,
which can make VIM be an additional screening parameter
of pleural mesothelioma. Being an ideal evaluation of the
tumor angiogenesis index, microvessel density (MVD) takes
CD105 as a specific marker, which has a dramatic increase
in MPM patients, indicating that CD105 can be used as an
auxiliary index for the diagnosis at the early stage (26). In
addition, clinical image and other immunohistochemical
markers are valuable to make exclusive diagnosis when the
expression of CK is negative, even though CR, D2-40,
CKS5/76, WT-1, VIM, and CD105 were positive. However,
MPM should be considered with priority when the
tumor occurs in the pleura, regardless of the microscopic
characteristics of the tumor.

The imaging diagnosis of MPM is based on X-ray, CT,
PET/CT and MRI. X-ray is the most simple and practical
method, which manifests pleural thickening, pleural nodules
or pleural effusion. Because of the lack of specificity, the
X-ray can’t make a confirmed diagnosis for MPM. Chest
CT is commonly used in the preferred examination, which
can display the surface of the whole pleural, the diaphragm
and the status of lymph node (27). The specificity of chest
CT is about 88-95%, while the sensitivity is about 36-
45% (28). The chest CT mainly manifests a nodular or
cyclic thickening of the pleura, the mediastinal pleural
involvement with different degrees of pleural effusion
and the enhanced CT images can be characterized by
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the multiple reinforcement nodules on the pleural. But
it is still difficult in the tumor staging and distinguishing
the diffuse pleural thickening from MPM (28).
The imaging features and the sensitivity of MRI are
similar to the chest CT, and MRI is mainly used for the
preoperative assessment of mediastinal structures, chest
wall and diaphragm involvement, which is not used as
a routine examination. PET/CT can be used for the
diagnosis of MPM as well using "*F-fluorodeoxyglucose
("FDG). The characteristic images of MPM is the
concentration of 18FDG at different levels in lesions,
which can make up the deficiency of CT images
in MPM staging and play an important role in the
diagnosis, curative evaluation, monitoring and estimating
prognosis (29). Studies from Rohren er /. have shown
that the sensitivity of PET/CT is about 88.2%, and
the specificity is about 92.9% (30). Despite the unique
features of PET/CT, there are still some deficiencies
such as the high expense and the false positive (31).
The diagnosis still requires a combination of patients with
clinical manifestations and other experimental results.
Thoracoscopy as a real-time imaging technique enables
clinicians to improve tumor staging, particularly in the
mediastinal region, by enabling the exact sampling point
with adequate tissue for biopsy. Thoracoscopy also can be
used for pleurectomy and pleurodesis. Considering all the
advantages above, thoracoscopy is considered the best way

for making diagnosis of MPM (32).

Treatment

MPM is characterized by highly malignant and aggressive.
If left untreated, the median survival time of the patients
is about 4 to 12 months (33). Most patients died of the
local invasion of the tumor or the contralateral metastasis.
A variety of treatments have been taken by domestic and
foreign scholars, and the comprehensive treatment of
resecting the visible tumor as much as possible, combined
with radiotherapy, chemotherapy and immunotherapy is the
most promising strategy up to date (34,35). Unfortunately,
the efficacy of treatment is very limited for the tumor is
usually diagnosed too late. All of the current therapies are
only expected to improve the quality of life and prolong
survival time of the patients with MPM (36).

Surgical treatiment

The purpose of surgical treatment is to remove the
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visible tumor, to eliminate the pleural effusion, to relieve
symptoms such as dyspnea, to ease the pain, and to
increase the efficacy of adjuvant therapy (37). Extrapleural
pneumonectomy (EPP) and pleurectomy/decortication
(P/D) are the most commonly used operation modes
so far (38). EPP requires complete resection of the
affected visceral pleura and parietal pleura, the lungs,
the diaphragm, and even part of the pericardium. The
trauma caused by EPP is quite large, and the perioperative
mortality is relatively high, which used to be as high as
32%. With the development of the surgical techniques
and further screening of the indications, the mortality in
perioperative period has decreased to 4%. P/D requires
the complete resection of the visceral and parietal pleura,
and the retention of the lung. The trauma caused by P/
D is relatively small, and the perioperative mortality
rate is about 1.5-5.4%. There are limitations on the
tumor deactivation of P/D, especially when the tumor
invaded interlobar fissure and other parts (39). Compared
with P/D, EPP does not prolong the survival instead
of increasing the postoperative complications for the
MPM patients at the early stage (40). Above all, surgery
is not recommended if progressive disease is observed
after neoadjuvant chemotherapy; besides, EEP is only
recommended in the context of controlled clinical trials
performed by specialized teams of investigators (41).

Radiotherapy

Mesothelioma is not sensitive to radiotherapy and the
radiotherapy effect is generally unsatisfactory. Also, it
is extremely difficult to draw up the effective radiation
dose and the scope of the radiation, due to the unique
way that MPM spreads along the pleura, surrounding
the lungs, adjacent to the heart, the spinal, the esophagus
and other vital organs, which might be one of the reasons
for its unsatisfied therapeutic effect (42). Nowadays,
with the development of three-dimensional conformal
techniques, and the increasing popularity of radiotherapy
and intensity-modulated radiation therapy (IMRT), this
problem has been solved to some extent (42). Radiotherapy
has a certain effects in relieving the symptoms, especially
easing the pain (43). There is still controversy that
prophylactic irradiation which aims at the puncture point
or the biopsy site could reduce the transfer rate (44-46).
There is still no sufficient evidence-based medicine about
the radiation of MPM that large-scale clinical researches
are still needed to be carried out.
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Chemotherapy

The purpose of chemotherapy is to kill the rapid-
proliferating tumor cells, so as to prolong the survival and
improve the quality of life (17). Chemotherapy for MPM
can be used alone or combined with surgical treatment.
Symptoms of MPM patients usually appear at an advanced
stage, and chemotherapy has become the preferred
solution. The US Food and Drug Administration (FDA)
and the European Union (EU) approved pemetrexed
(PEM) being used in the treatment of MPM in 2004, and
the combination of cisplatin (CDDP) and PEM become
the first-line chemotherapeutic drugs for MPM (47). A
magazine published a research results about the phase III
clinical trial of chemotherapy in MPM patients in 2003: the
median survival time was about 9.3 months when CDDP
is used alone, but it could be increased to 12.1 months
when the therapeutic regimen include CDDP and PEM,
the response rates also could be increased from 16.7%
to 41.3% (47,48). Treatment with vitamin B12 and folic
acid could also reduce toxicity without adversely affecting
survival time. PEM and carboplatin plus bevacizumab as
the first-line chemotherapeutic regimen of MPM has been
raised by some experts, but validating reports about the
role of bevacizumab is needed (49). In addition to systemic
chemotherapy, intrathoracic chemotherapy is usually the
main treatment for pleural effusion.

Immunotherapy

Based on preclinical studies and clinical trials, the role
of immunotherapy in cancer treatment has been aware
increasingly reported. Tannock ez /. had found that cancer
cell repopulation during the intervals of radiotherapy or
chemotherapy was associated with treatment failure (50).
A potential approach is to eliminate the surviving cancer
cells by the antitumor immunity. Tumor cells can stimulate
the immune system generating immune killer cells, such
as the effector T cells (Treg), and it could also induce
immunosuppressive cells and immunosuppressive factors,
which can adjust the generating of regulatory Treg, myeloid
derived suppressor cells (MDSCs), programmed death-1
(PD1) and cytotoxic T lymphocyte-associated antigen-4
(CTLA-4) (51). Treg is induced by the subpopulation
of CD4 and CD25 in thymus, and it could be evoked in
the periphery and serve to maintain the homeostasis and
the silence of immune. Treg cells account for 2-4% of
the total peripheral Treg in human, which can secrete
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immunosuppressive factors and block the function of
effector Treg and antigen presentation (52). Studies
carried out by Wu e 4/. have shown that there is a high
infiltration of Treg in mesothelioma patients, playing a
role in promoting the cancer by inhibiting the function of
Treg and the secretion of immunosuppressive cytokines
such as interleukin-10 (IL-10) and transforming growth
factor-B (T'GF-B) (53). The number of Treg in the tissue
and peripheral blood of patients with MPM are increased,
which can promote the further spread of MPM. MDSCs
can inhibit the immune response mediated by Treg, which
derive from the bone narrow cells and accumulate in the
body of the patients with MPM. PD-1 and programmed
death ligand (PD-L1/2) are negative regulatory signals
of the immune response, belonging to the family of B7
costimulatory molecules, and the blockade of the inhibitory
signals would be able to induce the body’s anti-tumor
immunity against cancer (54). Nowadays, the anticancer
drugs targeted PD-L1/2 are undergoing clinical trials (55).
CTLA-4, also known as CD152, is a leukocyte
differentiation antigen involved in negative regulation of
the immune response. Wu et 4. demonstrated that the
blockade of CTLA-4 signaling had effective anticancer
effect, which also brought us a new hope in the treatment
of MPM through modulation of T cell immunity (56).
DC-based immunotherapy has shown promising in a wide
variety of cancers including mesothelioma (57). Lack of
specific antigen made it difficult to develop antigen-specific
immunotherapy on mesothelioma; however, it would shed
a light of targeting tumor cells through intratumoral DC
vaccination.

Molecular targeted therapy

Significant progress has been made in molecular targeted
therapy in non-small cell lung cancer, and this might be the
same in MPM (58). Most of the researches are focused on
the epidermal growth factor receptor (EGFR) and vascular
endothelial growth factor (VEGF). The main role of EGFR
tyrosine kinase inhibitors is to inhibit the cell proliferation
and phosphorylation, which plays a critical role in anti-
tumor activity (59). A phase II trial of gemcitabine/cisplatin
plus the anti-VEGF antibody bevacizumab in patients
with previously untreated, unresectable MPM carried
out by Kindler er 4/. (60) have shown that the addition of
bevacizumab to gemcitabine/cisplatin in this trial did not
significantly improve PFS or OS in patients with advanced.
Also, Garland et al. (61) published a phase II trial about
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the EGFR TKI erlotinib in previously untreated patients
with MPM. The paper showed that single-agent erlotinib
was not effective in MPM, despite high expression of
EGFR. Despite all this, with the further exploration in the
molecular biology mechanism of MPM, molecular targeted
therapy will play an important role in the treatment of
MPM in the future.

Concluding remark

The incidence of MPM is increasing in the recent years;
however, it is difficult to make diagnosis at the early
stage. The efficacy of current therapies is very limited
unfortunately, thus the prognosis is quite poor. In order
to improve the efficacy of MPM patients, early diagnosis
and effective treatment strategies will be highly expected
to develop. Unlike other cancers, MPM has not been
well characterized in many aspects. Therefore, it is
extremely important to develop novel approaches to the
diagnosis, treatment and prognosis for the disease. We are
optimistic to the combination of conventional therapy with
immunotherapy, such as modulation of T cell immunity
against tumor through targeting the immune checkpoints
(CTLA-4, PD-1/PD-L1/2), depletion of the immune
suppressive components (Treg, MDSC), and DC-based
immunotherapy. In addition, anti-angiogenic therapy might
be promising as well in the control of tumor development
and progression. Current studies have shed a light of hope
to the improvement of MPM treatment. We are looking
forward to more clinical trials that would generate satisfying
benefit to the disease.
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