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Abstract: 

Malignant mesothelioma is an uncommon and aggressive cancer originating in serosal surfaces of 

body cavities, including the pleura, peritoneum and rarely the pericardium. The main etiology is 

asbestos exposure. Mesothelioma is characterised by loss of three key genes, CDKN2A, NF2, and BAP1, 

which may occur through multiple mechanisms. Patients with pleural mesothelioma frequently 

present with pleural effusion, dyspnoea, and chest pain. The median survival for people with 

mesothelioma treated palliatively is around 10 months, however prognostication can be refined 

through clinical variables. For most patients, pleural mesothelioma is treated palliatively, with first line 

combination chemotherapy improving survival modestly. The role of aggressive surgery and 

multimodality treatment is controversial. Newer therapies, such as immunotherapies and targeted 

treatments, are under active investigation. Palliation of symptoms and management of pleural 

effusions throughout the disease remains paramount. Further research and treatments to 

meaningfully improve survival are needed. (143 words) 

 

  



Introduction 

Malignant mesothelioma (MM) is an uncommon and aggressive cancer originating in the serosal 

surfaces of body cavities, including the pleura, peritoneum and rarely the pericardium[1]. A link with 

asbestos exposure was first described by Wagner in 1960[2],  and since then the epidemiology of 

mesothelioma worldwide has largely paralleled that of the use of this human carcinogen[3]. The 

variable use of asbestos worldwide has resulted in a cancer which is very rare in some locations, yet 

not uncommon in others where asbestos use has been widespread.  This has resulted in highly 

concentrated research and clinical activity in areas of greater incidence. 

 

Overall, males comprise around 80% of cases of mesothelioma, with the gender imbalance being a 

function of the greater occupational exposure of males to asbestos[4]. The incidence of mesothelioma 

rises with age, with a latency period between exposure to asbestos and development of disease of 

between 20 and 40 years. Although pleural mesothelioma is the most common anatomical site of 

disease, peritoneal mesothelioma comprises less than 10% of cases in males, and around 20% of cases 

in females[4]. Other sites of disease, including pericardial mesothelioma and mesothelioma of the 

tunica vaginalis of the testis are extremely rare.  

 

Management of pleural mesothelioma is challenging, but supported by evidence for survival benefits 

and symptomatic benefits for combination chemotherapy, and less robust evidence for aggressive 

surgical or multimodality management. Management of peritoneal mesothelioma is made more 

difficult by the limited high quality information available to support available treatment options. 

Management options will be discussed in detail in this chapter. 

 

Mesothelioma engenders a high cost to society not only through treatment and support for people 

with this disease, but through the costs of litigation and compensation related to occupational and 

environmental exposure to asbestos. In many jurisdictions, people with asbestos-related disease can 

seek financial compensation. Medical practitioners should advise patients to consider this, and may 

also be requested to provide medical reports for legal proceedings.  

 

Epidemiology and links with asbestos exposure 

In 1960, Wagner et al described 33 cases of malignant pleural mesothelioma linked to probable 

exposure to crocidolite asbestos in the Cape Province of South Africa[2]. Notably, this area contained 



an important asbestos mining operation, and the observation was made that mesothelioma was rarely 

seen elsewhere in South Africa. This publication was rapidly followed by numerous additional 

confirmatory series, consolidating the understanding of asbestos, particularly crocidolite asbestos, as 

a human carcinogen. Asbestos fibres and asbestos bodies are almost invariably observed in 

mesothelioma[5], and can be helpful in confirming asbestos exposure even when the source is 

unclear. The latency period between exposure to asbestos and development of mesothelioma is 

observed as between 20 and 45 years, with an estimated mean induction period of approximately 25 

years[6]. Hence, a careful occupational and environmental exposure history covering lifetime work 

and residential history is important to establish compensable exposure. 

 

‘Asbestos’ describes a group of fibrous silicate minerals that break down into fibres due to a molecular 

structure in which units are strongly linked in one direction[7]. Asbestos minerals can be divided into 

fibres down to almost molecular dimensions, with these needle-like shapes being a property which 

allows them to be inhaled and penetrate through to the pleura. Asbestos minerals have in common 

only this molecular structure, whereas they have very different chemical formulae[7]. The excellent 

insulating properties, tensile strength, and resistance to fire and chemical degradation made use of 

asbestos fibres common during the mid-20th century cheap and industrially useful material. The two 

main groups of asbestos minerals are the amphiboles (crocidolite, amosite, tremolite, actinolite) and 

serpentines (chrysotile). Fibre dimensions and biopersistence are important in human carcinogenicity. 

The World Health Organisation (WHO) specifically regulates ‘Long Asbestos Fibres’ with a length-width 

ratio above 3, thinner than 3µm and longer than 5µm, although short asbestos fibres may also 

represent a health concern[8]. Crocidolite, or ‘blue asbestos’ is considered to have the highest 

carcinogenicity of this group of fibres. Asbestos is overwhelmingly the most common occupational 

carcinogen exposure worldwide[9]. 

 

The incidence of mesothelioma closely parallels mining, manufacture and use of asbestos-containing 

products worldwide[10]. The countries with the highest age-adjusted mortality rate from 

mesothelioma are listed in Table 1[11]. Occupational exposure includes mining and milling either prior 

to a ban on asbestos, or continuing where asbestos is not banned. Trades such as construction 

workers, electricians, plumbers, mechanics, and boilermakers are common sources of incidental 

occupational exposure, as are naval and shipyard occupations. Domestic or non-occupational 

exposure also occurs, and is more common as a sole source of exposure in women than men. In 

particular, living with a high risk worker is a risk factor for development of mesothelioma[12]. 



 

Biology 

Mesothelial cells originate from the germinal mesoderm, and form a single layer of squamous-like 

cells lining the body’s serosal cavities, such as the pleura and peritoneum. The luminal mesothelial cell 

surface is covered with dense microvilli, a characteristic often useful for cellular phenotyping. The cells 

produce glycoproteins and form a low-friction surface which facilitates free movement of the organs 

during processes such as respiration.  

 

Several mechanisms have been proposed to explain how asbestos can play a role in the transition of 

normal mesothelial cells into malignant ones including 1) by inducing chronic inflammation and cell 

proliferation by long-term scratching of the mesothelial layer during breathing; 2) physical disruption 

of mitosis by the asbestos fibres[13]; 3) generation of DNA damaging free radicals catalysed by the 

ferrous (Fe2+) iron contained in asbestos fibres, or through macrophages attempting to breakdown the 

asbestos over time[14, 15] ; and 4) inducing changes in cell signalling that may activate as yet 

unidentified  proto-oncogenes leading to the deregulation of cell proliferation[16, 17]. 

 

Recent molecular studies have clarified the genetic profile of mesothelioma. The cancer is 

characterised by loss of three key genes: CDKN2A, NF2 and BAP1. Loss of these genes occurs through 

multiple mechanisms, including (but probably not limited to) mutation, chromosomal region loss, 

methylation, inactivating gene fusions and splicing events[18]. Interestingly through recent studies 

with larger sample sets mutations in the tumour suppressor TP53 have been identified in 8% of MM 

cases[18].    

 

Located at 9p21, CDKN2A encodes the regulatory proteins p16 and p14ARF. Wild-type p16 acts as a 

cell cycle regulator and p14ARF stabilizes p53 thus regulating cell growth. Homozygous deletions of 

CDKN2A have been identified in over 70% of MM cases[19]. NF2 is a large gene on chromosome 22; 

constitutional mutations lead to an increased risk of sporadic vestibular schwannomas and 

meningiomas[20, 21]. NF2 is a recessive tumour suppressor gene[22].The encoded protein, 

neurofibromin 2 also known as merlin, is a Hippo signalling pathway regulator and mutations in other 

genes in this pathway including LATS 1 and 2 have also been observed in MM[23]. The BAP1 gene 

encodes the BRCA1 associated protein-1 , a deubiquitinating enzyme, recently demonstrated to have 

tumour suppressor functions through its interactions with various transcription factors and/or 



chromatin modifying enzymes and a role in the DNA damage signalling and repair response[24, 25]. 

To date no common driver mutations have been reported in MM, though they may be present in 

individual patients. 

 

Pathology 

There are three major histological sub-types of MM, epithelioid, sarcomatoid, and biphasic, which 

contains both epithelioid and sarcomatoid areas within the same tumour. Epithelioid tumours are the 

most frequently observed subtype in pleural and peritoneal MM. The sarcomatoid and biphasic 

subgroups have a significantly poorer prognosis than epithelioid tumours and are less responsive to 

treatment[26]. Histological subtyping of epithelioid MM tumours into categories including 

tubulopapillary, micropapillary, acinar (glandular), solid or pleomorphic has been proposed as offering 

further prognostic information. Studies have shown that epithelioid tumours with pleomorphic 

features have similar poor survival to patients with biphasic or sarcomatoid tumours[26-28].  

 

Guidelines from the International Mesothelioma Interest Group (IMIG) in 2012 recommend that 

pathologic diagnosis of MM be based on results obtained from an adequate biopsy with 

demonstration of invasion of the underlying structures being a key diagnostic feature[26]. In a recent 

update from the IMIG group the use of cytological material from pleural effusions or ascites for 

diagnosis was endorsed[29] although the European Society for Medical Oncology (EMSO) current 

clinical guidelines maintain that effusion cytology for definitive MM diagnosis is controversial and was 

not recommended[30]. 

 

The two main issues in MM diagnosis are distinguishing benign from malignant mesothelial 

proliferations and determining the malignant cell phenotype. In addition to morphological 

considerations the use of ancillary tests, including immunohistochemistry, electron microscopy, 

genetic testing and soluble biomarkers can assist in addressing both of these issues.  In general, a 

panel of antibodies consisting of at least two positive mesothelial markers such as calretinin, 

podoplanin, cytokeratins 5/6, or WT1 can be used to confirm the mesothelial origin of the cell, 

although sensitivities are notably greater for epithelioid than sarcomatoid histologies with these 

antibodies[26]. Antibodies for distinguishing benign from malignant mesothelial cells are less well 

established, although in cytological specimens strong positive membrane staining for epithelial 

membrane antigen (EMA; clone E29) has a sensitivity over 80% for epithelioid MM[31]. Differential 



diagnosis for MM depends on tumour histology, for epithelioid tumours antibody staining profiles are 

particularly useful; and can include carcinoembryonic antigen (CEA), B72.3, BerEP4 and MOC-31 as 

positive carcinoma markers along with organ associated markers such as TTF-1 and napsin-A for lung 

adenocarcinoma, PAX8 for renal, thyroid and ovarian carcinoma, PSA for prostate adenocarcinoma 

and the hormone receptors, ER and PR for ovarian and breast cancers.  

 

Specific genetic testing is likely to have a greater role in pathological diagnosis in the future. As 

described above loss of CDKN2A and BAP1 are frequent, but not universal events in MM. The use of 

tests to detect loss of these genes by fluorescence in situ hybridization (FISH) and 

immunohistochemistry, respectively, is especially promising for the differentiation of benign and 

malignant mesothelial cells as to date none of over 200 benign specimens have shown loss of CDKN2A 

and none of 100 have had loss of BAP1[32] . 

 

Malignant Pleural Mesothelioma 

Clinical presentation 

Patients usually present with symptoms related to either pleural effusion or disease invading the chest 

wall (Figure 1a,b). Dyspnoea is common at presentation, often a manifestation of pleural effusion, and 

less commonly the first presentation of bulky intrathoracic disease or a contracting hemithorax. Chest 

pain, cough, weight loss, and night sweats can also be presenting symptoms[33]. Most presentations 

are unilateral, remaining confined to a single hemithorax until later in the disease trajectory. The 

combination of a unilateral pleural effusion of unknown aetiology with chest wall pain requires a high 

degree of suspicion of mesothelioma, particularly in the context of known asbestos exposure. A 

smaller proportion of patients present with asymptomatic, screening detected disease (Figure 1c). 

Such presentations are usually in participants in lung cancer screening programs, or asbestos 

screening programs aimed at detecting early stage, curable lung cancers[34, 35]. 

 

Early findings on clinical examination may be due to pleural effusion, with few other manifestations. 

However, more advanced disease may demonstrate a contracted involved hemithorax, markedly 

reduced chest expansion on the affected side, dullness to percussion, and reduced breath sounds 

ipsilaterally. Supraclavicular or axillary lymphadenopathy are uncommon. Examination of the 

abdomen for ascites and masses, and of the chest wall for masses at sites of prior instrumentation is 

important (Figure 2). Although overt metastases are uncommon at diagnosis, they frequently occur 



later in the disease course and are commonly found (55%) at autopsy, most notably involving the liver 

(32%), peritoneum (25%) and bone (14%)[36]. 

 

Screening asbestos-exposed individuals for mesothelioma 

Currently there is no proven role for radiological or biochemical screening of asbestos-exposed 

individuals for mesothelioma. Most importantly, it is unclear that mesothelioma can be diagnosed at 

a stage at which curative multimodality therapy could be initiated. Indeed, the most common 

asbestos-related cancer in exposed individuals is non-small cell lung cancer (NSCLC), and screening 

programs aimed at detecting early stage curable NSCLC are under investigation[34, 35, 37-39]. The 

contemporary generation of screening programs is using the more sensitive imaging method of low-

dose CT scan, rather than chest-X-ray. Although levels of serum mesothelin are elevated in around 

15% of an asbestos-exposed population prior to diagnosis, with a greater proportion elevated if 

individual trends over time are considered, the sensitivity of this biomarker has not been considered 

sufficient for routine use, notwithstanding that it only detects mesothelioma, rather than early and 

potentially curable NSCLC[38]. 

 

>Diagnosis  

An initial suspicion of mesothelioma may be noted when a patient is found to have a unilateral pleural 

effusion, pleural nodularity or thickening, or a contracted hemithorax. Benign asbestos-related pleural 

disease, such as pleural plaques, may be present and confirm previous exposure to asbestos. A chest 

X-ray may demonstrate these findings, but lacks sensitivity. When a pleural effusion of unknown 

aetiology is aspirated, it should always be subjected to cytological examination, ideally with 

examination of the cell block.  If pleural effusion is not a dominant manifestation of disease but pleural 

nodularity is evident, or if effusion cytology is unhelpful, a tissue biopsy is usually required for 

diagnosis. CT guided core biopsy may be appropriate where pleural thickening is clearly identified and 

accessible. Video-assisted thoracoscopy (VAT)-guided biopsy or mini-thoracotomy may often be 

required where lesions are not amenable to CT-guided core biopsy and have a high diagnostic yield[40, 

41]. FNA biopsy and blind percutaneous biopsies have a low diagnostic yield and are not a preferred 

method of diagnosis[40, 42].  

 

As above, demonstration of both a mesothelial phenotype and of invasion is required for a confirmed 

diagnosis of mesothelioma. If a cytological diagnosis is made, it is important to demonstrate invasion 



on imaging or clinical characteristics. A diagnosis of sarcomatoid or biphasic mesothelioma cannot be 

made on effusion cytology, which can only identify epithelioid disease. Subtyping of the disease and 

availability of a tissue biopsy is becoming increasingly important as an inclusion criterion for the 

current generation of clinical trials, which may restrict entry to some subtypes only. Furthermore, 

disease subtyping provides important prognostic information which may also inform treatment 

timing[43]. 

 

Diagnostic delay is not uncommon in patients with mesothelioma, as symptoms of dyspnoea, chest 

discomfort or presence of a small pleural effusion have many differential diagnoses, as well as prior 

diagnoses of benign asbestos-related disease.  Even when early biopsy is taken, there can be 

difficulty distinguishing between desmoplastic mesothelioma and benign fibrous pleuritis[44]. In 

addition, patients with thoracic cancers who live in rural areas may have a greater symptom burden 

at presentation, may take longer to consult a medical practitioner, and may hence experience a 

more delayed diagnostic pathway which may further limit their treatment options[45, 46]. 

 

Pre-treatment evaluation and staging  

Pre-treatment staging and evaluation recommendations will be shaped by local surgical practice for 

mesothelioma. Surgery for mesothelioma remains controversial, and is covered later. Where the 

patient is not considered a candidate for aggressive surgery, post-diagnosis evaluation should include 

CT scan of the chest and at least upper abdomen, to enable TNM staging to be assigned. The current 

staging of mesothelioma in the 7th edition UICC/AJCC manuals [47, 48] is under revision for the 8th 

edition, with some key changes proposed. The patient should be clinically evaluated for symptoms 

and for the presence of pleural fluid requiring management. Anaemia and thrombocythemia are 

common; nutritional status, weight loss, and albumin should be evaluated. Patients who may be 

suitable for chemotherapy should have renal and hepatic function evaluated also.  

 

FDG-PET scanning may be considered where the presence of occult metastatic disease would change 

management, or to provide additional prognostic information through evaluation of disease burden. 

FDG-PET scan may also be useful in evaluation of disease response to treatment [49-54]. However in 

patients planned for palliative chemotherapy only, FDG-PET scanning is not an essential pre-treatment 

investigation. 

 



Surgical staging may be employed for patients under consideraor surgical resection. As with many 

cancer types, preoperative staging assists in the selection of patients within better prognostic groups 

for consideration of surgery and identification of those with adverse features who may not best be 

served by resection. The performance of clinical staging is illustrated by the publications of the Staging 

and Prognostic Factors Committee of the International Association for the Study of Lung Cancer, 

whose Mesothelioma Staging Project programme including analysis of large retrospective surgical 

dataset [55].  In addition to CT scans, with or without additional PET/CT scans, some surgeons 

advocate routine cervical mediastinoscopy [56] or extended surgical staging, which adds laparoscopy 

and contralateral thoracoscopy [57, 58].  However, until the role of surgical resection is confirmed 

from randomised controlled trials, the role of staging remains unclear. 

 

 

Prognostication 

Prognostication is important information for patients and their families, and can also inform treatment 

decisions as well as legal proceedings and compensation. Whilst a median survival of 8 to 12 months 

is generally reported in the literature, a number of prognostic indicators can assist in tailoring this 

information for individuals. Prognostic indices have been developed from population studies and from 

clinical trial settings, and are most appropriately used within the context of their development. The 

European Organisation for the Research and Treatment of Cancer (EORTC) and Cancer and Leukemia 

Group B (CALGB) scoring systems were derived from participants in amalgamated data from clinical 

trials[59, 60]. Whilst they have been validated in a more general population[61], some of the 

constituents of the models may have less relevance currently (eg. definite vs. probable/possible 

mesothelioma from the EORTC system), or may omit some groups in routine clinical practice (eg. 

Eastern Cooperative Oncology Group (ECOG) performance status 0 vs. 1 and 2 only in the CALGB 

system), limiting their application. Furthermore, the CALGB scoring system derives 6 prognostic 

groups; whilst the ECOG system derives only a high risk and low risk group. 

 

More recent series have included larger patient numbers and population bases[62-70]. These series 

confirm the importance of epithelioid subtype as a good prognostic indicator, of low haemoglobin, 

high white blood cell count and high platelet count as poor prognostic markers, and of clinical 

observations such as poor ECOG performance status, chest pain, weight loss, and older age as 

portending a worse outcome. Table 2 describes these and additional clinical or routine laboratory 

prognostic indicators. Most recently, a population-based clinical predication model for prognosis 



demonstrated and validated a model incorporating weight loss, haemoglobin, ECOG performance 

score, histology, and serum albumin which could discriminate between four prognostic groups with 

median survivals ranging from 7.4 to 34 months, a useful tool for clinicians attempting to guide 

patients and make treatment decisions (Table 3). 

 

Management overview 

Management of mesothelioma is focussed on palliating symptoms and extending survival, with a 

controversial role of aggressive surgical or multimodality therapy. The use of surgical and 

multimodality therapy is to a great extent geographically based, with the availability of suitable 

surgical expertise being critical for any teams recommending surgical management. The levels of 

evidence supporting most management strategies, with the exception of chemotherapy, are relatively 

low. Optimal initial treatment recommendations and subsequent patient care should be provided by 

an integrated multidisciplinary team, ideally with thoracic cancer and mesothelioma expertise, 

although there have been no mesothelioma-specific studies demonstrating that this improves 

outcomes[71, 72]. For pleural mesothelioma, such a team should include respiratory physicians, 

medical oncologists, radiation oncologists, cardiothoracic surgeons, pathologists, thoracic 

radiologists, and cancer nurses. Additional allied health roles which may be important in facilitating 

best supportive care throughout the disease trajectory included dieticians, palliative care physicians, 

psychologists, and social workers[72]. This chapter will detail the current state of the art therapies, in 

addition to emerging and novel therapies and supportive care strategies for mesothelioma. 

 

Systemic therapies 

 

 Chemotherapy 

First line palliative chemotherapy  

Palliative chemotherapy for advanced pleural mesothelioma provides modest benefits to survival and 

quality of life, and should be offered to patients who are suitable for active management yet are not 

pursing surgery or multimodality therapy. In practice, many more unselected patients with 

mesothelioma will be treated with palliative chemotherapy than with surgery, with one review of 

patterns of care in Australia finding that 54% of patients had chemotherapy, whilst only 9% had 

extrapleural pneumonectomy[73]. Cytotoxic chemotherapy is still the only therapeutic option with a 

proven survival benefit in this disease. 



 

The standard of care since 2003 has been platinum-based doublet chemotherapy, with cisplatin and 

pemetrexed the most widely used and well supported combination[74]. The EMPHACIS trial 

randomised patients with advanced malignant pleural mesothelioma to either cisplatin alone, or to 

cisplatin (75mg/m2) in combination with pemetrexed (500mg/m2) given on day 1 of a 21 day cycle, 

generally to a maximum of six cycles. Combination treatment improved the median survival from 9.3 

to 12.1 months, with a hazard ratio of 0.74 favouring the combination (p=0.003)[74]. The objective 

tumour response rate to this doublet was 41%, and patients experienced benefits to their quality of 

life[75], despite the potential for cisplatin-related toxicity. Importantly, patients receiving this 

combination must receive supplementation with folic acid (0.5mg daily) and vitamin B12 (1000 IU 

intramuscularly 9-weekly) for 1-2 weeks before, during, and a month after treatment to avoid 

excessive haematological toxicity and mucositis. This regimen has become the accepted backbone 

upon which further combination therapies with targeted therapies have been constructed. 

 

Subsequent to the EMPHACIS study, the antimetabolite raltitrexed (3mg/m2) in combination with 

cisplatin (80mg/m2) was reported to show similar benefits, with a 2.6 month survival benefit over 

cisplatin alone, albeit with the lower objective radiological response rate of 24%[76]. This combination 

is an active alternative, but has not reached the same penetrance in clinical practice as pemetrexed-

based combinations. Indeed, raltitrexed is unavailable or not approved for this indication in many 

countries.  

 

As mesothelioma is predominantly a disease of the elderly, many patients who are otherwise fit for 

treatment will have relative contraindications to cisplatin, including hearing loss, renal dysfunction, or 

cardiac disease precluding administration of large fluid loads. Hence, although the combination of 

carboplatin and pemetrexed has not been appropriately trialled to demonstrate equivalence to 

cisplatin and pemetrexed, carboplatin is commonly used in this setting. There is circumstantial 

evidence to suggest that carboplatin is a reasonable partner for pemetrexed where cisplatin use is not 

appropriate. Phase II studies of carboplatin and pemetrexed have demonstrated objective tumour 

response rates which are similar to cisplatin and pemetrexed[77, 78].  Furthermore, an expanded 

access program in which pemetrexed could be paired with either cisplatin or carboplatin 

demonstrated very similar 1-year survival for both combinations (63.1% vs 64%)[79]. Carboplatin was 

well tolerated and active in an elderly population[77]. 

 



A number of clinical trials have evaluated the addition of the VEGF targeting agent bevacizumab to 

standard chemotherapy in mesothelioma. This builds on a number of observations of the role of VEGF 

in this disease. VEGF-A, VEGF-C, and VEGFR are all highly expressed in mesothelioma[80, 81], and VEGF 

may be an autocrine growth factor in this disease[81, 82]. High tissue VEGF expression is an 

independent poor prognostic factor, as are high serum and/or pleural fluid VEGF levels[83-85]. Two 

phase II studies added bevacizumab to a pemetrexed-platinum combination, demonstrating objective 

tumour response rates in keeping with chemotherapy alone (34% and 40% respectively), progression-

free survival of 6.9 months, and overall survivals of 15.3 and 14.8 months respectively[86, 87]. A small 

randomised phase II trial combined bevacizumab with cisplatin and gemcitabine, a prior standard of 

care, demonstrating no significant difference between the two arms (overall survival 15.6 months with 

the addition of bevacizumab vs. 14.7 months without)[88]. Nevertheless, correlative biomarker results 

were provocative, with a higher pretreatment plasma VEGF concentration being associated with 

shorter overall survival in both arms, and results from an exploratory analysis suggested a significant 

benefit with bevacizumab treatment for those patients with baseline VEGF levels below the 

median[88]. 

 

Building on these data, the large randomised phase III clinical trial evaluating the addition of 

bevacizumab (15mg/kg 3-weekly) to cisplatin and pemetrexed recently reported positive results in 

this population[89]. Patients with confirmed mesothelioma who were not considered for surgical 

resection were randomised to receive either up to 6 cycles of cisplatin and pemetrexed, or the same 

treatment with the addition of bevacizumab, followed by maintenance bevacizumab until progression.  

Important exclusion factors included relative contraindications to bevacizumab, such as no full dose 

anticoagulation, prior major surgery, bleeding disorders, or significant cardiac history. 448 patients 

were treated on the well-designed, open-label multicentre ‘MAPS’ trial, which recruited in France. The 

primary endpoint was overall survival, with a 2.7 month survival benefit for treatment in the triplet 

arm (16.1 months vs. 18.8 months), and a hazard ratio of 0.77 (p=0.0167). Additional toxicities noted 

were more grade 3 or higher hypertension (23% vs 0%), and more thromboembolic events (6% vs 1%) 

in the triplet arm[89]. There were no significant differences between the two arms in quality of life 

assessment after cycle 2.  

 

This triplet therapy may now be considered a treatment option for selected appropriate patients 

requiring first line therapy, and have led to some uptake of bevacizumab triplet therapy in clinical 

practice. However, the high cost precludes availability in all jurisdictions. Biomarker testing is 



underway, and a clear understanding of the biological characteristics of patients who are most likely 

to benefit will be important to allow optimal patient selection for this combination, and improve the 

cost-effectiveness of such treatment. Other agents targeting this pathway, such as the multikinase 

inhibitor nintedanib, targeting VEGFR, PDGFR and FGFR isoforms, are under active investigation in 

combination with chemotherapy in the first line setting (NCT01907100). Where ongoing maintenance 

therapy is considered, the availability of an oral agent with similar efficacy would be advantageous.  

 

Although platinum-pemetrexed combinations have been in use for over a decade, because 

mesothelioma is uncommon, research efforts and clinical trials have focused on new treatments, 

rather than optimising how existing treatments are best used. For example, the optimum number of 

cycles of platinum doublet chemotherapy remains unclear. Although 6 cycles of platinum-based 

therapy is generally a ceiling for patient tolerance of combination treatment, it is unclear whether just 

4 cycles would provide similar benefits. In non-small cell lung cancer, 4 cycles of combination 

chemotherapy provides the same benefit but at a lesser toxicity[90]. This question is unlikely to be 

answered in mesothelioma; however in practice it is reasonable to cease treatment at 4 cycles of 

platinum/pemetrexed if the patient is not tolerating treatment well. The question of whether 

subsequent maintenance chemotherapy with single agent pemetrexed benefits survival also remains 

open. In NSCLC, ongoing maintenance pemetrexed following 4 cycles of cisplatin and pemetrexed (so 

called ‘continuation maintenance’) significantly increases both progression-free and overall 

survival[91]. A single small study in mesothelioma has demonstrated that this approach is well 

tolerated[92]. A randomised phase II clinical trial is currently recruiting in the USA, comparing 

maintenance pemetrexed with observation, but is unreported as yet (NCT01085630). This trial 

question may become obsolete in the context of maintenance bevacizumab, and it may prove difficult 

to recruit and complete such a trial. 

 

Second line and subsequent palliative chemotherapy  

Patients invariably experience disease progression after first line chemotherapy, although the 

duration of benefit from initial treatment can be variable. To date, no treatment has shown survival 

benefits in a randomised controlled trial as second line therapy in mesothelioma after the platinum 

and pemetrexed combination. However, a number of agents are thought sufficiently active in phase II 

data for oncologists to consider using them in selected patients.  

 



One frequently used strategy is reintroduction of pemetrexed-based chemotherapy on progression of 

disease, particularly if patients have previously experienced a good response to pemetrexed doublet 

chemotherapy and the treatment-free interval has been over 6 months. This practice is supported by 

observational data and may lead to subsequent responses or disease stability.[93] If initial treatment 

was with pemetrexed and cisplatin, it is usually more appropriate to reintroduce pemetrexed paired 

with carboplatin, in view of the potential cumulative renal and oto-toxicities of cisplatin. A phase III 

trial in second-line therapy was completed using single agent pemetrexed, in the era before 

pemetrexed-based combinations were standard first line treatment.[94] In this trial, with a 

comparator of best supportive care, disease control was observed in 59% on the pemetrexed arm and 

19% in the best supportive care arm, and although overall survival was not significantly different, other 

measures such as time to progressive disease and progression free survival were significantly 

improved in the pemetrexed arm, although absolute differences were modest.[94] Overall, a trial of 

reintroduction of single agent pemetrexed or platinum doublet with pemetrexed is reasonable if a 

response was previously observed, the patient has an ongoing good performance status, and the 

interval to retreatment is 6 months or more. 

 

Other agents with some second line activity include vinorelbine and gemcitabine. Single agent 

vinorelbine resulted in an objective response rate of 16% and overall survival of 9.6 months in a phase 

II trial of 62 patients.[95] This drug is well tolerated as a single agent, and has received considerable 

support in practice; it is currently in use as the comparator arm in a some randomised phase II and III 

clinical trials in the second line setting (including NCT02610140; NCT01098266). Cisplatin and 

gemcitabine is a combination which was initially shown to have activity in first line treatment, albeit 

in phase II trials, with results not dissimilar to the other platinum-antimetabolite doublets.[96, 97] 

These results are sometimes extrapolated to the second line setting, although the haematological 

toxicity of these doublets can be considerable in patients who have previously received combination 

treatment. 

 

Overall, the second line setting remains appropriate for clinical trials in mesothelioma, including 

clinical trials with a placebo control arm, although these are potentially more problematic for 

recruitment. If second line or subsequent therapy is used in mesothelioma, careful attention should 

be paid to the balance between toxicity and benefits, with early comparative imaging planned to 

assess for progression of disease. 

 



Immunotherapy  

A wide variety of approaches to immunotherapy have been tried in mesothelioma, mostly with limited 

success and very occasional disease responses. The areas under most active investigation at the time 

of writing are checkpoint blockade therapies, dendritic cell vaccines, and immunotherapies targeting 

the mesothelin or Wilms Tumour-1 (WT-1) antigen. Currently, these are all investigational approaches, 

however there are a number of randomised phase II and III clinical trials underway which will report 

in the next 5 years. 

 

Cytotoxic T-lymphocyte Antigen 4 (CTLA-4) blocking antibody treatment is most clinically advanced to 

date, with two single arm phase II clinical  trials of the anti-CTLA-4 monoclonal antibody 

tremelimumab reporting encouraging objective responses and stable disease[98, 99]. These trials led 

to a randomised phase IIb study of tremelimumab versus placebo as second-line treatment for pleural 

mesothelioma, which has publicly released (although not yet published) information that this trial did 

not reach its primary endpointNCT01843374). Results from the phase I KEYNOTE 028 have been 

presented in abstract form, with an encouraging objective response rate of 28% and disease control 

rate of 76% using the single agent anti-programmed cell death 1 (anti-PD1) monoclonal antibody 

pembrolizumab in heavily pretreated patients with mesothelioma[100]. Notably, only patients with 

>1% tumor PD-L1 expression were included in the study. These results have spurred intense recent 

activity in this field, with a number of trials using other PD-1 or PD-L1 inhibitors, combining PD pathway 

blockade with CTLA-4 blockade, and combining these agents with immunotherapy. 

 

Mesothelin is a candidate antigen which is expressed in 100% of epithelioid mesotheliomas[101]. The 

anti-mesothelin immunotoxin SS1P has been evaluated for safety in phase I clinical trials, however a 

majority of patients developed neutralising antibodies precluding further treatment. Results of a pilot 

study combining immunosuppressive pre-treatment with SS1P demonstrated profound and durable 

anti-tumour responses in 3 of 10 patients[102]. In another approach, a chimeric monoclonal antibody 

antagonist to mesothelin, MORAb-009 (Amatuximab), has completed phase I and II studies, including 

in combination with chemotherapy, and is currently being tested in a phase III clinical trial in 

combination with cisplatin and pemetrexed (NCT02357147). Using a different strategy, CRS-207 is a 

live attenuated Listeria Monocytogenes vaccine engineered to express mesothelin[103]. This agent is 

currently being trialled in combination with chemotherapy as first-line treatment for mesothelioma 

(NCT01675765). Mesothelin is also a candidate antigen in Chimeric Antigen Receptor (CAR) T cell 

therapy in small studies. Finally, anetumab ravtansine is an antibody drug conjugate comprising a 



human anti-mesothelin monoclonal antibody linked to the spindle poison DM4[104]. It is currently 

being tested in a phase IIb study versus single agent vinorelbine in the setting of previously treated 

mesothelioma (NCT02610140). 

 

Other immunotherapy treatments which are under investigation at research centres, albeit on a 

smaller scale, include CAR-T cell therapy, dendritic cell therapy, and allogeneic tumour cell vaccine 

therapies. Whilst immunotherapy is currently an extremely exciting prospect for patients with 

mesothelioma, it remains unclear which immunotherapies, in which combinations, and at which point 

will be integrated into management of the disease. Furthermore, biomarker studies to predict both 

toxicities and outcomes will be critical to guide patient selection. 

 

Targeted therapies  

Targeted therapies have undergone intensive investigation in mesothelioma over the past two 

decades, with none other than bevacizumab crossing into standard care. No common activating 

mutations are available as rational and relevant targets in this disease, which has genetic hallmarks of 

loss, rather than gain, of function. Previous negative studies of targeted therapies in mesothelioma 

are summarised elsewhere[105, 106]; here we focus on upcoming strategies which are under 

investigation. Table 4 summarises potential targets, drugs, and identifies key clinical trials which are 

examining these targets in mesothelioma. 

 

Almost half of pleural mesotheliomas have inactivated NF2, which encodes for the protein Merlin. 

Under normal circumstances, Merlin inhibits mTOR, with loss of Merlin leading to aberrant 

upregulation of mTOR and subsequent increased cell proliferation[107]. These observations provide 

a rationale for testing mTOR inhibition in mesothelioma. However, as mTOR inhibition alone results in 

upregulation of PI3K and AKT signalling, dual inhibitors of PI3K and mTOR have been developed and 

are also undergoing testing. 

 

Unlike non-small cell lung cancer, activating mutations of EGFR are rare in mesothelioma. However, 

overexpression of the protein occurs in more than 50% of patients[108]. Whilst small molecule 

tyrosine kinase inhibitors of EGFR have not shown any activity in mesothelioma, the monoclonal 

antibody cetuximab has been active in other cancers, with selection for treatment based on protein 

expression on immunohistochemistry, particularly in combination with chemotherapy. The 



combination of cetuximab with cisplatin and pemetrexed is currently recruiting to a phase II clinical 

trial.  

 

Other experimental therapies  

Clinical trials are ongoing using an L-arginine deprivation strategy. L-arginine is necessary for protein 

synthesis, but also for nictric oxide, proline, glutamate, and other molecules which may be important 

for tumorigenesis. Argininosuccinate synthetase 1 (ASS1) is the enzyme which is rate-limiting for L-

arginine biosynthesis, and is deficient in some cancers including mesothelioma, with promoter 

methylation being the key mechanism of ASS1 deficiency in this disease; biphasic and sarcomatoid 

mesothelioma are most likely to be ASS1 deficient. Pegylated arginine deiminase (ADI-PEG20) is an 

arginine depletor which has generated single agent responses in mesothelioma[109]. The ADAM 

(Arginine Deiminase And Mesothelioma) trial was a small randomized phase II study comparing ADI-

PEG20 and best supportive care versus best supportive care alone in ASS1-deficient patients with 

mesothelioma (NCT01279967) which suggested potential benefit from this strategy. Based on these 

results, the upcoming ‘ATOMIC’ clinical trial will be randomising patients with sarcomatoid and 

biophasic mesothelioma with ASS1 deficiency to cisplatin and pemetrexed chemotherapy with or 

without ADI-PEG20, with promising preliminary results from a phase I study of this combination. 

 

Surgery and multimodality therapy  

 

Although surgery has been offered for MPM since the 1950’s, it has only been in the last 15 years that 

randomised trials have been initiated in order to investigate its roles.  Surgery may be offered with 

the intent of palliation, whereby the aim is to reduce the bulk of the tumour thickness, to prevent the 

reaccumulation of pleural fluid and reduce the restrictive defect seen on spirometry.  Secondly, 

surgery may attempt to gain a cure, where the goal of surgery is complete macroscopic resection. 

However, a complete microscopic (R0) resection margin cannot be achieved with surgery, hence 

surgery is not curative.  Therefore, the outcomes of surgery relevant to the interpretation of clinical 

trials are quality of life and survival.  Standardization of definitions is critical to the interpretation of 

the literature.  The International Association for the Study of Lung Cancer’s Staging and Prognostic 

Factors Committee has recommended definitions for surgery[110]: 



1. Partial pleurectomy (PP): partial removal of parietal and/or visceral pleura for diagnostic or 

palliative purposes but leaving gross tumour behind. This may be performed by Video Assisted 

Thoracoscopic surgery (VATS) or at thoracotomy.  

2. Pleurectomy/Decortication (P/D): parietal and visceral pleurectomy to remove all gross tumour, but 

without resection of the diaphragm or pericardium.  

3.  Extended Pleurectomy/Decortication (eP/D): parietal and visceral pleurectomy, with the goal of 

complete macroscopic resection, with resection of the diaphragm and/or pericardium as required.  

4.  Extrapleural pneumonectomy (EPP): en-bloc resection of the parietal pleura, pericardium, 

diaphragm, lung and visceral pleura. 

 

Although there is much literature pertaining to mesothelioma surgery, the vast majority are case 

series or cohort studies, which are limited by the inherent selective criteria for surgery.  Surgery will 

tend to be offered to younger, fitter patients and hence survival rates are likely to be favorable when 

compared to the general population.  Two prospective randomized controlled trials examining surgery 

have been published (of which one had sufficient statistical power and the other was a feasibility 

study) and a third is underway.  In addition, there have been a small number of cohort studies where 

quality of life was assessed before versus after surgery. 

 

VATS Partial Pleurectomy (VATS PP) was been assessed in the MesoVATS trial[111], which randomised 

196 patients (with suspected or confirmed mesothelioma) between talc pleurodesis or VATS PP.  175 

patients had mesothelioma confirmed after surgery: talc pleurodesis was performed in 88 patients 

and VATS PP in 87. There was no statistically significant difference in the primary outcome of survival, 

although patients who were classified as high prognostic risk (based on a modified EORTC Prognostic 

Group)[59] who underwent VATS-PP had significantly worse survival than those who did not undergo 

surgery. VATS PP resulted in more complications, longer hospital stay and was more expensive than 

talc pleurodesis. Improvement in EQ-5D scores in the VAT PP group suggests that this treatment might 

have a role in patients who have good prognostic features at presentation.  Further research in this 

subgroup might be appropriate.  Funding has been gained for the MesoTRAP study, to investigate the 

role of VATS-PP in the setting of trapped lung, compared to a control group intervention of insertion 

of an indwelling pleural catheter.  

 



A feasibility randomised controlled trial of Extrapleural Pneumonectomy (EPP), the Mesothelioma And 

Radical Surgery (MARS) trial has been undertaken.[112] 257 patients were screened, 112 were 

registered and underwent induction chemotherapy.  Of these, 50 underwent randomization between 

no surgery versus EPP followed by adjuvant hemithorax radiotherapy.  The trial was not powered to 

identify potential differences between groups, with the investigators estimating that 670 randomised 

patients would be required to achieve statistical power. The actual recruitment time for the feasibility 

study was three times longer than estimated.  Significantly, there are a number of critical issues 

regarding the MARS trial, weakening the strength of evidence. The high number of non-completed 

operations and perioperative deaths indicates variability in experience between centres. A 

perioperative mortality of 15.8% is strongly supportive of this argument given that case series typically 

report an operative mortality of less than 8%. Protocol compliance was poor, with 16 of the 24 patients 

randomised to EPP receiving surgery and 8 of these completing the trimodality protocol. In addition, 

of the 26 patients randomised to no EPP, 3 received EPP and three non-EPP surgery off trial.  

Furthermore, as the trial predated the routine availability of pemetrexed/platinum chemotherapy, 

there was variability in the chemotherapy regimen offered within the trial and also the oncology 

management offered out of the trial protocol.  The MARS trial is therefore considered by many to be 

an RCT without adequate power and robust methodology.  Although there were no statistically 

significant differences in the quality of life between the two groups on an “intention to treat” basis, 

there seemed to be worse quality of life after EPP with mean scores remaining below the no surgery 

group throughout the follow-up period. However, registry data suggest a significant decline in the 

numbers of patients undergoing EPP internationally before the MARS trial was published. It is unlikely 

that a randomised trial of EPP with sufficient statistical power will be performed.  Despite this, 

encouraging data have emerged regarding a protocol of accelerated hemithoracic intensity-

modulated radiation therapy followed by EPP[113]. 

 

The role of extended Pleurectomy/Decortication (eP/D) is currently being examined in the UK in the 

MARS-2 trial, the first clinical trial to be performed randomizing between this surgical option and no 

surgery[114]. The initial feasibility phase will be expanded to a fully powered trial which will intend to 

accrue 300 randomised patients. Whilst there have been several case series comparing eP/D with 

other surgical techniques, as analysed in a systematic review[115], all are limited by selection bias.  

There have been prospective cohort studies comparing quality of life and pulmonary function before 

and after eP/D [116-119]. These studies are limited by their relatively small sizes and short length of 

follow-up.  However, in patients who were symptomatic before surgery, pulmonary function either 



improved or remained at similar level to preoperative values, in association with significant 

improvement in quality of life scores. For patients asymptomatic before surgery, there was a negative 

impact on pulmonary function and no change in quality of life scores. 

 

A series of systematic reviews have each examined different questions regarding surgery for MPM but 

they are of limited scope, as they have relied primarily on observational studies, with only the MARS 

randomised trial included[115, 120-122].  

 

In summary, randomized trials of surgical resection of mesothelioma have proved challenging.  VATS 

Partial Pleurectomy has no effect on survival and results in more complications, longer hospital stay 

and is more expensive than talc pleurodesis.   The role of VATS-PP in good prognosis patients requires 

further examination in clinical trials. Extra-Pleural Pneumonectomy is potentially harmful to patients 

without evidence of benefit.  Extended Pleurectomy / Decortication may have benefits for 

symptomatic patients at baseline and not negatively impact minimally symptomatic patients and the 

MARS-2 trial hopes to provide definitive information. 

 

Intracavitary therapy 

Talc pleurodesis has been the mainstay of control of pleural effusion for many years and it remains 

the standard of care. However, the pleural cavity has also attracted attention as a route of delivery of 

anti-cancer therapies of various types. A randomized trial of intrapleural “first generation: 

photodynamic therapy, or not, after surgical resection, in patients also receiving adjuvant 

immunochemotherapy, did not show significant benefits[123]. A second randomized trial comparing 

intrapleural administration of different cytokines found some benefits to intrapleural IL-2, but no 

improvement in survival was noted[124]. There have been Phase I/II trials of many intrapleural agents, 

including cytokines, chemotherapy, zoledronic acid, povidone/iodine, oncolytic viruses and gene 

therapies, with some encouraging results, but a lack of randomized trials limits the recommendations 

that can be made[125]. 

 

Radiotherapy  



Radiotherapy for mesothelioma is used in three distinct settings: prophylactic radiotherapy to sites of 

instrumentation, palliative radiotherapy to improve specific targetable symptoms, and adjuvant 

radiotherapy as part of multimodality therapy. 

 

Prophylactic radiotherapy 

Tract metastases, at the sites of previous instrumentation, are relatively common in mesothelioma 

(Figure 2). One strategy which has been investigated over a number of years is prophylactic 

radiotherapy to prevent metastases from developing. There have been a small number of randomised 

trials, and subsequent systematic reviews attempting to synthesise the literature [126-130]. From the 

available evidence, prophylactic radiotherapy to sites of instrumentation is not currently 

recommended from systematic reviews or by practice guidelines [72, 130]. The recently reported 

(2016) randomised controlled SMART trial compared immediate versus deferred radiotherapy in 203 

patients with large bore catheter tract sites, also concluding that the routine use of radiotherapy in 

this setting was not justified[131]. A second, larger British trial, the PIT trial, has also completed accrual 

and will report soon[132]. These trials are likely to definitively answer this question. 

 

Palliative radiotherapy 

Palliative radiotherapy may be useful for focal symptomatic lesions, such as tract metastases, areas of 

chest wall invasion causing pain, or compressive mediastinal lymphadenopathy. However, this 

modality has generally been considered useful in clinical practice with limited substantiating evidence 

until recently. Retrospective reviews have suggested symptom benefit in over 50% of patients, with a 

lesser degree of radiological response[133, 134]. A small prospective phase II study recruited 40 

patients, treating with 20Gy in 5 fractions to symptomatic areas. The study experienced substantial 

loss of follow up in this group of unwell patients being treated palliatively, such that only 30 provided 

information on symptoms at the primary endpoint, 5 weeks after the end of radiotherapy. Of those 

patients, 47% had improvement in pain, although there was no improvement in other symptoms of 

quality of life[135]. It remains unclear how to best select patients who may benefit from palliative 

radiotherapy, with factors such as patient or tumor hypoxia and anemia potentially contributing to 

radioresistance[136].  

 

Adjuvant radiotherapy 



Radiotherapy is also used as part of aggressive multimodality treatment, following surgical resection, 

with the aim of reducing local recurrence. This has mostly been used following extrapleural 

pneumonectomy, with most reports using 3-D conformal radiotherapy, and more recently intensity-

modulated radiotherapy[137-146]. Treatment planning is complex, as there are a number of critical 

organs at risk adjacent to the fields, including the spinal cord, heart, remaining lung, liver, and kidneys.  

 

A clinical trial (SAKK 17/04) reported in 2015 was the first to investigate the addition of postoperative 

hemithoracic radiotherapy in a randomised fashion following neoadjuvant chemotherapy and 

extrapleural pneumonectomy[147]. Patients with complete macroscopic resection by EPP following 

neoadjuvant cisplatin and pemetrexed were randomly assigned to receive high dose radiotherapy plus 

a boost to areas at high risk of locoregional relapse. Only 54 patients were randomised to this second 

part of a larger clinical trial examining the primary endpoint of complete macroscopic resection after 

neoadjuvant chemotherapy. 25 of 27 patients randomised to receive radiotherapy completed 

treatment, with a median total dose of 55.9 Gy. The median locoregional relapse-free survival was 7.6 

months in the group without radiotherapy, and 9.4 months in the group treated with radiotherapy; 

the arms were not compared statistically. Median overall survival was 20.8 months in the no 

radiotherapy and 19.3 months in the radiotherapy group. Grade 3 and higher toxic events occurred, 

including one grade 4 pneumonitis and one treatment-related death. The authors conceded that their 

original statistical assumptions for benefit were overly optimistic, and that even recruitment to the 

original planned sample size of 74 patients would not have detected the projected improvement in 

outcomes. They conclude that the findings do not support routine use of hemithoracic radiotherapy 

in this setting. Nevertheless, the conclusion was subsequently debated in correspondence, 

highlighting potential weaknesses of the study, particularly around radiotherapy techniques and 

quality assurance[148]. The role of adjuvant radiotherapy hence remains an open question requiring 

further study. These results, however, do emphasise the importance of delivering adjuvant 

radiotherapy for mesothelioma only in a high volume centre, with appropriate experience in these 

techniques, and preferably in the context of clinical trials. 

 

Novel radiotherapy techniques 

Novel techniques which are currently under investigation include the ‘SMART’ approach. SMART 

(Surgery for Mesothelioma After RadioTherapy) was developed as a pre-surgical accelerated course 

of high dose hemithoracic intensity modulated radiotherapy, 25Gy in 5 fractions, with the goal of 

reducing the potential of tumour to seed metastases introoperatively[149]. Extrapleural 



pneumonectomy is performed 1 week after radiotherapy completion. A pilot study demonstrated that 

this approach was feasible and that all of 25 patients completed both radiotherapy and extrapleural 

pneumonectomy. Importantly, this technique must only be used when subsequent EPP is planned and 

feasible, due to the high likelihood of severe radiation pneumonitis if the lung is left intact. A follow-

on study is subsequently recruiting patients for treatment with this technique (NCT02613299).  

 

   

Supportive care and symptom management 

Malignant pleural mesothelioma is associated with a high symptom burden, with pain and dyspnoea 

often being problematic over the course of the disease. The most effective symptom management is 

often through use of active therapy, with a prospective observational study demonstrating better 

maintained quality of life and symptom control, particularly dyspnoea and pain, in those who chose 

to have treatment[150], also supported by the quality of life analysis from the pivotal trial of cisplatin 

and pemetrexed[74]. However, patients will invariably progress on or after treatment, requiring 

specific symptom-focussed interventions. 

 

Up to 70% of people with mesothelioma describe chest pain at initial presentation, with this 

proportion increasing with advanced disease[151, 152]. Chest wall invasion commonly involves ribs 

and the intercostal neurovascular structures, with resultant complex pain which can be poorly opioid 

responsive[152]. Pain must be regularly assessed and specialist assistance with pain control sought 

where the primary care provider is not able to adequately ensure patient comfort. There are many 

excellent resources which provide detailed guidance on management of cancer pain, for example, the 

World Health Organisation Cancer Pain Relief guidelines. A particular key point for mesothelioma is to 

consider the use of agents for neuropathic pain, such as the anticonvulsants pregabalin and 

gabapentin; the tricyclic antidepressants amitryptiline and nortryptiline, and the alpha-2 agonist 

clonidine[153]. Substantial doses of opiates may be required, as well as strategies such as opiate 

rotation and the use of methadone for its additional effect as a presynaptic inhibitor of N-methyl-D-

aspartic acid, which can otherwise be upregulated in patients with chronic neuropathic pain as well as 

ongoing opioid use[153]. Corticosteroids such as dexamethasone can be used as adjuncts to 

analgesics, but may also be useful in small doses to relieve night sweats and reduce anorexia. Pain 

may be responsive to local radiotherapy in around 50% of patients, as described above, particularly if 

there is a clear lesion which can be targeted and which corresponds to the site of discomfort[135]. 



 

Dyspnea is a distressing symptom which is unfortunately common at end of life in mesothelioma, and 

can be difficult to treat. Assessment for reversible and readily treatable causes of dyspnea is 

important: aspiration of pleural effusion, identification and treatment of pulmonary embolus, 

treatment of respiratory infection, and blood transfusion for anema are simple strategies where a 

cause of or contributor to acute onset dyspnea can be identified. However, progressive pleural 

thickening and chest wall restriction can also lead to dyspnea, as can malignant lymphangitis, a late 

event in mesothelioma. Anxiety can also contribute to an increased sensation of dyspnea or more 

distress surrounding the symptom. Oxygen supplementation can be effective where the patient is 

hypoxic. However often slow-release opiates are required to decrease the subjective sensation of 

dyspnea. Even simple strategies such as airflow from a fan can provide benefit to patients[153]. More 

complex nursing interventions specific for dyspnoea, which include breathing control, relaxation, and 

psychosocial support, have also been shown to reduce breathlessness and depression, and improve 

physical function[154]. 

 

Where a pleural effusion is present, pleural aspiration may be appropriate if the effusion is 

symptomatic and a significant volume of fluid can be safely drained. For recurrent pleural effusions, 

ongoing control may be required for patient comfort. Talc pleurodesis has been the mainstay of long 

term control of pleural effusion, however the success rate is only around 75% at one month and less 

than 50% at six months[155]. Indwelling tunnelled pleural catheters are an emerging treatment for 

pleural effusion which provide similar symptom benefit[156]. The AMPLE trial, now closed to 

recruitment, has examined the economic and hospital stay implications of these two strategies[157].  

 

Following on from a trial in non-small cell lung cancer which demonstrated both quality of life and, 

surprisingly, survival benefits from instituting early palliative care in this disease, the question of the 

role of early palliative care for patients with advanced mesothelioma arises. The RESPECT-Meso 

clinical trial is currently recruiting patients in the United Kingdom and Australia, randomising to either 

usual care or monthly specialist palliative care consultations. Before these results are available, 

specialist palliative care involvement should be considered for all patients with advanced 

mesothelioma being treated with palliative intent, particularly if pain, dyspnea, and other symptoms 

are problematic. 

 



 Malignant peritoneal mesothelioma and other rare sites of origin of mesothelioma  

Diffuse malignant peritoneal mesothelioma represents a rare subset of mesothelioma, reported as 

the primary site in fewer than 5% of mesothelioma deaths, with primary pericardial mesothelioma 

reported in fewer than 1%, and similar small numbers reported for tunica vaginalis as a primary 

site[11]. Asbestos is also the primary etiological agent for peritoneal and other mesothelioma[158]. 

The limited evidence base for these other sites of mesothelioma origin is almost entirely in peritoneal 

disease, which will be further discussed. Peritoneal mesothelioma may present with abdominal 

distension, abdominal pain, constitutional symptoms including weight loss and fever, and occasionally 

as an incidental finding[158]. Patients often display ascites and/or an abdominal or pelvic mass. The 

most common differential diagnosis in women is gynaecological malignancy. 

 

Imaging investigations include abdominal CT scan and FDG-PET-CT scan, although the resolution of 

FDG-PET scan may not be useful to demonstrate small nodules or diffuse disease. CT scanning can 

demonstrate peritoneal, mesenteric and omental thickening, infiltration and nodularity as well as 

ascites and tumor masses. Definitive diagnosis requires histologic examination, with similar diagnostic 

principles to those for pleural mesothelioma. The sarcomatoid histological variant is much less 

common in peritoneal mesothelioma[159]. Staging for potential aggressive surgery requires 

laparoscopic examination to assess the extent of disease and potential resectability. 

 

Much of the information on management strategies for peritoneal mesothelioma has been generated 

from cases series from expert centres. In those patients whose disease allows for maximal 

cytoreductive therapy, high-volume centres of expertise have recommended aggressive 

cytoreduction, peritonectomy, organ resection where necessary, which is generally followed by 

intraoperative hyperthermic peritoneal cisplatin administration (HIPEC)[159]. Collated multi-

institutional experience suggested that the completeness of cytoreductive surgery as well as the use 

of HIPEC were strongly associated with improved outcomes, as were epithelial subtype and absence 

of nodal metastatic disease[160]. The overall median survival in this large multicentre cohort was 53 

months, with 47% five year survival. 

 

Palliative systemic therapy for peritoneal mesothelioma generally follows guidelines for pleural 

disease, with similar activity of platinum and pemetrexed combinations and gemcitabine 



combinations[161, 162]. Systemic chemotherapy is appropriate palliative management where surgery 

is not indicated, and disease response should be monitored with a combination of clinical, CT and FDG-

PET information. First principles of palliative chemotherapy use apply: treatment should proceed to 

clinical benefit, should cease or change if the patient is not deriving benefit, and attention should be 

paid to toxicity. Most patients cannot tolerate more than 6 cycles of platinum-based doublet 

chemotherapy. The role of adjuvant or neoadjuvant chemotherapy in the context of aggressive 

surgical management is unclear. There is no clear evidence base for the use of induction systemic 

chemotherapy to reduce disease bulk and improve operability prior to surgery, although this strategy 

is used in practice and may facilitate resection if a response has been achieved. Similarly, there is no 

clear evidence base for the use of adjuvant post-operative therapy[159, 162].  

 

Whilst the availability of clinical trials in peritoneal mesothelioma would be ideal, the rarity of the 

disease means that most of the systemic management of this disease is likely to be extrapolated from 

experience in pleural mesothelioma. Some clinical trials for pleural mesothelioma also allow for 

enrolment of patients with peritoneal mesothelioma, which should be encouraged.  

 

Conclusions 

Whilst malignant mesothelioma is a rare disease overall, the presence of global ‘hotspots’ due to 

asbestos use patterns has allowed for substantial progress in research and clinical trials in a number 

of centers. The use of conventional anti-cancer therapies – surgery, chemotherapy, and radiotherapy 

– appears to have plateaued at modest therapeutic efficacy and the disease is usually treated with 

palliative intent. Understanding of the molecular biology and immunology of mesothelioma continues 

to increase, and is likely to underpin the next generation of effective therapies. 

 

  



Table 1. 10 countries with highest age-adjusted mortality rates from mesothelioma  

Country Age-adjusted mortality rate (per 
million) 

United Kingdom 17.8 
Australia 16.5 
Italy 10.3 
France 7.6 
Germany 6.8 
South Africa 6.7 
Netherlands 6.4 
United States of America 5.0 
Spain 3.9 
Japan 3.2 

 

  



Table 2: Key clinical or readily derived prognostic factors in mesothelioma 

Prognostic factor Effect Population References 
Epithelioid subtype Better survival Trials; population Curran; Linton; Hooper; 

Francart; Edwards; Pass; 
Brims; Meniawy; Kao 2010; 
Kao 2013 

ECOG PS Lower Better survival Trials; population Curran; Herndon; Linton; 
Francart; Edwards; Brims; 
Meniawy 

Lower Hemoglobin Worse survival Trials; population Curran, Herndon; Francart; 
Edwards; Pass; Brims; Kao 
2013 

Higher WBC count Worse survival Trials; population Curran; Herndon; Linton; 
Francart; Edwards; Pass 

Higher Platelet count Worse survival Trials; population Linton; Francart; Edwards; 
Pass; Meniawy 

Lower age Better survival Trials; population Herndon; Linton; Francart; 
Edwards; Pass; Meniawy 

Weight loss Worse survival Trials; population Herndon; Edwards; Pass; 
Brims; Meniawy 

Lower clinical stage at 
diagnosis 

Better survival Population Linton; Francart; Pass; Kao 
2013 

Chest pain Worse survival Trials; population Herndon; Edwards; Pass; 
Meniawy 

Female gender Better survival Population Linton; Edwards; Pass 
High Neutrophil 
Lymphocyte ratio 

Worse survival Population Kao 2010, Kao 2011, Kao 
2013, Pinato 

Lower albumin Worse survival Population Linton; Brims 

Normal LDH Level Better survival Trials Francart 

Trials = derived from clinical trial population; Population = derived from unselected population 

  



Table 3: Brims population prognostic model for survival using clinical parameters at diagnosis 

Risk group Characteristics Median survival 
(months) 

Interquartile 
range (months) 

1 No LOW; Hb>153; Alb>43 34 22.9-47.0 
2 No LOW; Hb>153; Alb<43  

OR No LOW; Hb 121-153; Ep 
17.7 11.6-25.9 

3 LOW; PS 0-1; Ep or Bi 12.0 6.0-20.6 
4 No LOW but Hb<121 

OR No LOW; Hb 121-153; Bi or Sarc 
OR LOW; PS≥2 
OR LOW; PS 0-1; Sarc 

7.4 3.3-11.1 

LOW = Loss of Weight; Hb = haemoglobin (g/L); Alb = albumin (g/L); Ep = epithelioid or undefined 
histology; Bi = biphasic; Sarc= sarcomatoid histology; PS = ECOG performance status 

  



Table 4: Examples of targets and drugs in malignant mesothelioma which are under investigation as 

of 7/27/16. 

Target Drugs Clinical Trials Registry 

Identification 

mTOR Everolimus NCT00770120 

PI3K/mTOR VS-5584 

VS-6063 

NCT02372227 

FAK 

VEGF Cediranib NCT01064648 

VEGF Nintedanib NCT02568449 

NCT01907100 

VEGFR/PDGFR/c-KIT Axitinib NCT01211275 

Cancer stem cells BBI608 NCT02347917 

Checkpoint inhibition CBP501 NCT00700336 

miRNA TargomiRs NCT02369198 

EGFR Cetuximab NCT00996567 

MET Tivantinib NCT01861301 

Aurora Kinase Alisertib NCT02293005 

 

  



Figures 

Figure 1: presentations of malignant pleural mesothelioma 

1a. Initial presentation with dyspnoea and large unilateral pleural effusion. 

1b. Initial presentation with chest pain and bulky pleural mass lesions. 

1c. Incidentally discovered small right pleural effusion on CT scan, first noted on chest X-ray for an 
employment medical examination. 

1a: 

  

1b: 
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Figure 2: Posterior chest wall metastasis at a site of previous instrumentation, treated with 
radiotherapy (note pigmentation and tattoos) 

 

 

  



Figure 3: a. Baseline CT scan pre-chemotherapy with cisplatin and pemetrexed and after b. 2 cycles 
and c. 4 cycles of chemotherapy showing a sustained partial response that was accompanied by 
symptomatic benefit. 
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