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Abstract
Malignant pleural mesothelioma (MPM) is a rare tumor with poor prognosis and 
rising incidence. Palliative care is common in MPM as radical treatment with 
curative intent is often not possible due to metastasis or extensive locoregional 
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involvement. Numerous therapeutic advances have been made in recent years, 
including the use of less aggressive surgical techniques associated with lower 
morbidity and mortality (e.g., pleurectomy/decortication), technological 
advancements in the field of radiotherapy (intensity-modulated radiotherapy, 
image-guided radiotherapy, stereotactic body radiotherapy, proton therapy), and 
developments in systemic therapies (chemotherapy and immunotherapy). These 
improvements have had as yet only a modest effect on local control and survival. 
Advances in the management of MPM and standardization of care are hampered 
by the evidence to date, limited by high heterogeneity among studies and small 
sample sizes. In this clinical guideline prepared by the oncological group for the 
study of lung cancer of the Spanish Society of Radiation Oncology, we review 
clinical, histologic, and therapeutic aspects of MPM, with a particular focus on all 
aspects relating to radiotherapy, including the current evidence base, associations 
with chemotherapy and surgery, treatment volumes and planning, technological 
advances, and reradiation.

Key Words: Malignant pleural mesothelioma; Chemotherapy; Surgery; Radiotherapy; 
Radiation techniques; Reradiation
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Core Tip: Malignant pleural mesothelioma is a rare tumor that is very challenging to 
treat. Technological advances in surgery and radiotherapy are largely responsible for 
the marginally improved outcomes observed in recent years. Heterogeneity among 
studies and a lack of phase III randomized controlled trials are some of the main 
barriers to achieving more effective, standardized treatments. In this review article, we 
provide an in-depth analysis of changes in the clinical, histologic, and therapeutic 
profile of malignant pleural mesothelioma in recent decades and highlight the main 
research areas in this field.
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INTRODUCTION
Malignant pleural mesothelioma (MPM) is a rare tumor, but it is a global health 
concern because of its poor prognosis and rising incidence.

Improvements in our understanding of MPM pathogenesis[1,2], together with 
encouraging results from recent studies of multimodality therapies, targeted therapies, 
and immunotherapies have brought new hope for the management of this disease[3].

Optimal treatment strategies have not been defined for MPM. In these guidelines, 
drawn up by the Oncological Group for the Study of Lung Cancer of the Spanish 
Society of Radiation Oncology, we review the current status and prospects of MPM 
management with a focus on all aspects relating to radiotherapy.

Epidemiology
Incidence: MPM incidence is strongly associated with asbestos exposure[4,5], but 
there is a long latency period, meaning that in some cases, the tumor can take up to 40 
years to appear. Projections from the end of the last century suggested that the 
incidence of MPM in Western Europe would peak around 2020[6], and recent epidemi-
ological data would appear to confirm this trend. MPM incidence rates are lower in 
some parts of Asia and Central and Eastern Europe, but this could be due to less 
rigorous data collection or reporting[7] or higher mortality due to other causes. In 
short, based on the available data, MPM incidence and mortality rates vary consid-
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erably according to geographic location.

Etiology
Asbestos: Asbestos is the main cause of MPM. This mineral was widely used for many 
years in construction products (e.g., roofing and tiles), friction materials, packaging, 
textiles, paint, and a range of other industrial products.

Although the association between asbestos exposure and MPM has been 
demonstrated[8], it has not been possible to define cumulative exposure limits, 
meaning that anyone exposed to asbestos is potentially at risk.

Occupational exposure accounts for over 80% of MPM cases in men[9-12], 
explaining differences in attributable risk between men and women.

Other minerals: Other elongated mineral particles such as erionite[13,14] and fluoro-
edenite[15] may also have a causative role in MPM. Environmental exposure to these 
minerals is higher in certain countries, such as Turkey, the United States, and Mexico
[16-18].

Genetic predisposition: Familial aggregation studies have also reported an increased 
risk of MPM among offspring and siblings of patients with the disease[19-21]. This 
increased risk has been linked to a germline mutation in BAP-1 (breast cancer gene 1-
associated protein), which is a tumor suppressor gene with a role in DNA 
transcription and repair[22,23].

Germline mutations in cancer-susceptibility genes have been reported in a 
significant proportion of MPM patients, particularly those with peritoneal 
mesothelioma, younger patients, patients with minimal asbestos exposure, and those 
with a second cancer[24,25].

Treatment
The treatment options for MPM are largely determined by stage, and approaches vary 
depending on whether the patient has operable or inoperable disease and is deemed 
suitable for surgery. Surgery, radiotherapy, and systemic therapies are constantly 
evolving to meet better the challenges associated with each stage of disease.

Hemithoracic radiotherapy as an adjunct to pneumonectomy has been used in MPM 
for years, but its effect on disease control remains modest. As a palliative measure, it 
has proven effective at improving pain and quality of life.

More advanced radiotherapy techniques [respiratory control, four-dimensional 
imaging, intensity-modulated radiotherapy (IMRT), stereotactic body radiation 
therapy (SBRT), and proton therapy] have since emerged and are used in combination 
with induction chemotherapy and/or surgery or as radical therapy in patients with 
unresectable disease.

Radiotherapy has also been proposed as a salvage strategy for patients whose 
disease recurs following surgery or chemotherapy. Its role for improving progression-
free and overall survival (OS) in patients with oligoprogressive disease is also being 
investigated.

METHODOLOGY: LEVELS OF EVIDENCE
As mentioned, no optimal treatment strategies have yet been established for MPM, 
and recent clinical guidelines offer contrasting conclusions and recommendations, 
even though they are based on the same scientific evidence. These guidelines include 
the British Thoracic Society Guideline for the Investigation and Management of 
Malignant Pleural Mesothelioma[26], the National Comprehensive Cancer Network 
Malignant Pleural Mesothelioma Guidelines[27], the American Society of Clinical 
Oncology Clinical Practice Guideline for the Treatment of Malignant Pleural 
Mesothelioma[28], and the European Respiratory Society/European Society of 
Thoracic Surgeons/European Association for Cardio-Thoracic Surgery/European 
Society for Radiotherapy and Oncology Guidelines for the Management of Malignant 
Pleural Mesothelioma[29].

In the current clinical practice guidelines, we will apply the system used by the 
European Society of Medical Oncology[30] to guide decision-taking regarding the 
management of MPM (which in turn was adapted from the Infectious Diseases Society 
of America’s grading system for ranking recommendations in clinical guidelines[31]). 
Accordingly, the strength of a given recommendation for or against a preventive or 
therapeutic practice is graded using the letters A-E, while the quality of the supporting 
evidence is graded using the Roman numerals I-III (Table 1).



Luna J et al. GOECP/SEOR guidelines radiotherapy malignant mesothelioma

WJCO https://www.wjgnet.com 584 August 24, 2021 Volume 12 Issue 8

Table 1 Infectious Diseases Society of America levels of evidence and grades of recommendation and European Society of Medical 
Oncology adaptation

IDSA United States Public Health Service Grading System for Ranking 
Recommendations in Clinical Guidelines ESMO adaptation of IDSA Grading System

Category, 
grade

Definition Category, 
grade

Definition

Strength of recommendation Grades of recommendation

A Good evidence to support recommendation for use A Strong evidence for efficacy with a substantial clinical 
benefit, strongly recommended, strongly recommended

B Moderate evidence to support recommendation for use B Strong or moderate evidence for efficacy but with a 
limited clinical benefit, generally recommended

C Poor evidence to support a recommendation C Insufficient evidence for efficacy or benefit does not 
outweigh the risk or the disadvantages (adverse events, 
costs, etc.), optional 

D Moderate evidence to support a recommendation against use D Moderate evidence against efficacy or for adverse 
outcome, generally not recommended

E Good evidence to support a recommendation against use E Strong evidence against efficacy or for adverse outcome, 
never recommended

Quality of evidence Levels of evidence

I Evidence from > 1 properly randomized, controlled trial I Evidence from at least one large randomized, controlled 
trial of good methodological quality (low potential for 
bias) or meta-analyses of well-conducted randomized 
trials without heterogeneity

II Evidence from > 1 well-designed clinical trial, without 
randomization; from cohort or case-controlled analytic studies 
(preferably from > 1 center); from multiple time series; or from 
dramatic results from uncontrolled experiments

II Small randomized trials or large randomized trials with a 
suspicion of bias (lower methodological quality) or meta-
analyses of such trials or of trials with demonstrated 
heterogeneity

III Evidence from opinions of respected authorities, based on clinical 
experience, descriptive studies, or reports of expert committees

III Prospective cohort studies

IV Retrospective cohort studies or case-control studies

V Studies without control group, case reports, experts 
opinions

ESMO: European society for medical oncology; IDSA: Infectious Diseases Society of America.

The grades of recommendation and levels of evidence for the use of surgery, 
chemotherapy, and radiotherapy in MPM are summarized in Table 2.

DIAGNOSIS AND TUMOR, NODE, METASTASIS (TNM) STAGING
Imaging techniques
Chest radiography normally shows pleural effusion and thickening.

Computed tomography (CT) of the chest is the first-line imaging test for patients 
with suspected MPM. It typically shows findings suggestive of MPM, such as 
thickening of the mediastinal pleura[32].

Positron emission tomography (PET)-CT may be useful in certain cases but should 
not be used in patients who have undergone pleurodesis as this procedure can affect 
maximum standardized uptake values. PET-CT has low sensitivity for stage N1 (38%) 
and T4 (76%) disease[33]. Compared with CT alone, it has higher specificity for disease 
stages II (100% vs 77%) and III (100% vs 75%)[34].

Magnetic resonance imaging (MRI) has not yet been validated in MPM. It may be 
useful for identifying margins in patients with multifocal chest wall involvement and 
for demonstrating unresectability.

Diagnostic procedures
Thoracoscopy is the diagnostic technique of choice in MPM. Other less invasive biopsy 
techniques, however, can be used in certain cases.
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Table 2 Recommendations for the treatment of malignant pleural mesothelioma using the European Society of Medical Oncology levels 
of evidence and grades of recommendation adapted from the Infectious Diseases Society of America

Surgery Chemotherapy Radiotherapy

For palliation of pleural effusions when patients 
cannot benefit from chest tube drainage or 
chemical pleurodesis or when these are not 
successful (II, A)

The anti-folate/platinum doublet is the only approved 
standard of care for the first- and second-line treatment 
of unresectable mesothelioma (I, A); If available, 
bevacizumab, could be added to the standard treatment 
in selected patients (II, B)

For palliation of pain related to tumor growth 
radiotherapy can be considered (II, A)

To obtain diagnostic samples of tumor tissue 
and to stage the patient (II, A)

Maintenance therapy (switch or continuation) has not 
yet improved overall survival and patients should be 
included in these studies (II, A)

The use of radiotherapy to prevent growth in 
drainage tracts is not proved to be useful (III, 
A)

To be part of a multimodality treatment, 
preferably as part of a study (II, A)

Patients in good condition should be recommended to 
join studies in second line (II, A)

Radiotherapy can be given in an adjuvant 
setting after surgery or chemo-surgery to 
reduce the local failure rate. However, no 
evidence is available for its use as a standard 
treatment (II, A)

To perform a macroscopic complete resection by 
means of pleurectomy/decortication (III, C)

When postoperative radiotherapy is applied, 
strict constraints must be adhered to in order 
to avoid toxicity to neighboring organs, and 
special, tissue sparing, techniques should be 
used (II, A)

ESMO: European Society for Medical Oncology; IDSA: Infectious Diseases Society of America.

Closed pleural biopsy: Closed (blind) pleural biopsy with an Abrams needle has a 
diagnostic sensitivity of 27%-60% for malignancy[35,36]. Complications are common, 
in particular pain and pneumothorax (around 15%). In the largest review to date of 
closed pleural biopsies (n = 2893), the diagnostic yield for malignancy was 57%[37].

Image-guided pleural biopsy: A number of studies have reported higher diagnostic 
sensitivity (around 88%[38]) for image-guided cutting-needle biopsy compared with 
closed pleural biopsy.

Maskell et al[39] demonstrated that CT-guided cutting-needle biopsy was approx-
imately 40% more sensitive than Abrams biopsy for diagnosing malignancy. The 
technique correctly diagnosed malignancy in 13 of 15 patients with suspected 
malignant pleural effusions (sensitivity, 87%; specificity, 100%).

In 1999, Heilo et al[40] reported that ultrasound-guided core-needle biopsy had a 
diagnostic sensitivity of 77%, a specificity of 88%, and a positive predictive value of 
100% for MPM.

Thoracoscopy: Thoracoscopy has a high diagnostic yield in pleural malignancies. In an 
analysis of 1369 patients from 22 case series, thoracoscopy had a diagnostic sensitivity 
of 92.6% for malignant pleural disease. Complication rates are very low, and a 
mortality rate of 0.34% has been reported[41]. Thoracoscopy has been found to have 
superior diagnostic sensitivity and specificity than both closed and image-guided 
pleural biopsy[42,43].

Video-assisted thoracoscopic surgery: Numerous case series have found video-
assisted thoracoscopic surgery (VATS) to have high diagnostic sensitivity and 
specificity for malignant pleural disease[44,45].

Although no direct comparisons have been made of medical and surgical 
thoracoscopy, data suggest that the two procedures have a very similar sensitivity.

VATS pleural biopsy has a sensitivity of 95%, a specificity of 100%, and a negative 
predictive value of 94%[44,45].

Pathology
MPM should be diagnosed according to the 2015 World Health Organization (WHO) 
Classification using an adequate tissue sample.

MPM can be divided into diffuse malignant mesothelioma (DMM), localized 
malignant mesothelioma (LMM), and well-differentiated papillary mesothelioma 
(WDPM). DMM has a worse prognosis than LMM and WDPM.

DMM can be further categorized as epithelioid, sarcomatoid, or biphasic. The 
second two subtypes are associated with worse survival[46]. Pleomorphic epithelioid 
DMM is a particularly aggressive variant[47].
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Cytologic examination of pleural fluid is usually the first diagnostic test, as pleural 
effusion is typically the first clinical sign detected. Not all epithelioid subtypes, 
however, cause pleural effusion, and sarcomatoid subtypes do not generally spread to 
the serosal cavity.

Cytology may also be useful when pleural biopsy is not possible.
The 2015 WHO classification of tumors of the lung, pleural, thymus, and heart 

introduced a number of changes in relation to MPM. First, it recognized that the 
pleomorphic subtype, like the sarcomatoid variant, is associated with poor prognosis. 
It also recognized the usefulness of immunohistochemistry for distinguishing between 
MPM and carcinoma, and redefined the criteria for differentiating MPM from reactive 
mesothelioma proliferations.

The discovery that the NAB2-STAT6 fusion was a hallmark of solitary fibrous 
tumors had important diagnostic implications. The WWTR1-CAMTA1 fusion is a 
marker of epithelioid hemangioendothelioma, while desmoid-type fibromatosis is 
frequently associated with CTNNB1 mutations and beta-catenin expression.

Immunohistochemistry
Immunohistochemistry is an important diagnostic tool as it can help distinguish 
between epithelioid mesothelioma and other carcinomas involving the pleura (mainly 
lung adenocarcinoma).

Claudin 4 has emerged as one of the most useful markers for differentiating 
mesothelioma (claudin 4-) from adenocarcinomas (claudin 4+)[48].

Calretinin, cytokeratin 5/6, Wilms tumor 1, and D2-40 are all markers of 
mesothelioma, while carcinoembryonic antigen, B72.3, Bg8, BerEP4, and M031 are 
markers of carcinoma[49].

Epithelioid DMM can sometimes resemble squamous cell carcinoma, but it does not 
show nuclear staining with p40 (or p63)[50].

The new WHO Classification also recognizes the difference between DMM and 
reactive mesothelial proliferations or hyperplasia. Given the absence of specific 
markers for benign mesothelial processes, the distinction between benign and 
malignant proliferations is usually based on morphologic features.

WDPM, can be difficult to distinguish from conventional forms of DMM. It is 
characterized by small translucent nodules, whereas DMM usually shows solid 
nodules and pleural effusion or thickening. It also follows a characteristically indolent 
course[51].

The three best-defined genetic alterations in MPM are loss of neurofibromatosis 
type 2 (45%-50% of cases), homozygotic deletion of CDKN2A (p16) (100% of 
sarcomatoid cases), and loss of BAP-1 (45%-100% of cases, most of which are 
epithelioid). BAP-1 loss is associated with good prognosis, while CDKN2A loss is 
associated with poor prognosis.

Staging
Eighth edition of the TNM classification for mesothelioma (Tables 3 and 4)

The new TNM staging system for mesothelioma is summarized in Tables 3 and 4. 
The tables were created by the International Association for the Study of Lung Cancer 
(IASLC) and are published in the eighth edition of the American Joint Committee on 
Cancer Staging Manual[52-54].

CLINICAL INDICATIONS BY TUMOR STAGE AND TREATMENT
Localized stages
Only about 20% of patients with MPM are candidates for potentially curative 
treatment.

Surgery is the first-line option for localized disease. The combined use of surgery, 
chemotherapy, and radiotherapy has not been established as first-line treatment due to 
conflicting data from the main studies conducted to date.

Radiotherapy is mainly used as adjuvant or neoadjuvant therapy in MPM. 
Radiotherapy with curative intent has limited applications in unresectable disease 
because of the challenges associated with treating large volumes with doses of > 60 Gy 
without damaging adjacent organs[55,56]. Radiotherapy alone is therefore mostly used 
for palliative purposes in MPM.

Surgery for staging and palliative purposes: The MesoVATS randomized clinical 
trial, which compared VAT-partial pleurectomy and standard talc pleurodesis in 196 
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Table 3 Eighth edition of the tumor, node, metastasis classification for mesothelioma

T Primary tumor N Regional lymph nodes

Tx Primary tumor cannot be assessed Nx Regional lymph nodes cannot be assessed

T0 No evidence of primary tumor N0 No regional lymphnodemetastases

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

N1 Metastases in the ipsilateral 
bronchopulmonary, hilar or mediastinal 
(including the internal mammary, 
peridiaphragmatic, pericardial fat pad or 
intercostal lymph nodes) lymph node)

T2 Tumor involving each of the ipsilateral pleural surfaces (parietal, mediastinal, diaphragmatic and 
visceral pleura) with at least one of the following features: Involvement of diaphragmatic muscle. 
Extension of tumor from visceral pleura into the underlying pulmonary parenchyma

N2 Metastases in the contralateral mediastinal, 
ipsilateral or contralateral supraclavicular 
lymph nodes

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

M Distant metastasis

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

M0 No distant metastasis

M1 Distant metastasis present

Table 4 Eighth edition of the tumor lymph nodes metastasis classification for mesothelioma

T N M

Stage IA T1 N0 M0

Stage IB T2-T3 N0 M0

Stage II T1-T2 N1 M0

Stage IIIA T3 N1 M0

Stage IIIB T1-T3 N2 M0

T4 Any N

Stage IV Any T Any N M1

patients, found no significant differences in OS between the groups[57]. VAT-partial 
pleurectomy, however, was associated with better pleural effusion control and quality 
of life at 6 and 12 mo[57].

Surgery with radical intent-trimodality therapy: The goal of surgery with radical 
intent in MPM is to achieve macroscopic resection with maximal cytoreduction. 
Techniques include extrapleural pneumonectomy (EPP), pleurectomy/decortication 
(P/D), and extended P/D. Recommendations for the uniform definitions of these 
techniques were established by the IASLC Staging Committee and the International 
Mesothelioma Interest Group[58].

Trimodality therapy, which is the combination of chemotherapy, surgery, and 
radiotherapy, can increase survival in patients with resectable MPM. Nonetheless, 
over 50% of patients are unable to complete treatment due to toxicity and/or previous 
comorbidities (American Society of Anesthesiologists score > 3, forced expiratory 
volume in 1 s < 70%, and/or smoking)[59].

Multivariate analyses of retrospective data have shown that EPP is associated with 
slightly higher operative mortality and lower OS than P/D. Such comparisons, 
however, are prone to bias as choice of technique by a given institution depends on its 
experience[60,61]. Until further clinical evidence becomes available, both EPP and P/D 
can be considered for surgery with radical intent. Choice of technique should be 
decided by an expert committee on a case-by-case basis.
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Studies of curative-intent trimodality therapy have evaluated different regimens. 
Induction chemotherapy has been shown to increase the rate of complete resections in 
early-stage MPM.

A multicenter Swiss trial that analyzed the effects of radiotherapy after neoadjuvant 
chemotherapy and EPP in patients with resectable MPM reported an encouraging 
median survival of 23 mo[62].

The European Organisation for Research and Treatment of Cancer investigated the 
feasibility of trimodality therapy with EPP in a phase II trial (European Organisation 
for Research and Treatment of Cancer 08031)[63]. The primary endpoint (treatment 
success defined as a patient who received the full treatment and was still alive 90 d 
after the end of treatment without progression or grade 3-4 toxicity) was not achieved. 
Another phase II trial investigating trimodality therapy in MPM that recruited 77 
patients from nine institutions in the United States reported an operative mortality rate 
of 7% and a median OS of 16.8 mo[64].

Although trimodality therapy seemed feasible in selected patients[65], the 
Mesothelioma and Radical Surgery 1 randomized trial was designed to compare 
induction chemotherapy alone with induction chemotherapy plus EPP. It did not, 
however, achieve the planned sample size. Just 50 patients (45% of those recruited) 
were randomly assigned to either EPP or no EPP after chemotherapy, and just 16 of 
those in the EPP arm completed treatment. The mortality rate in this group was 18.8%
[66]. The results of the subsequent trial, Mesothelioma and Radical Surgery 2, 
evaluating chemotherapy alone and chemotherapy followed by P/D are eagerly 
awaited.

The authors of a systematic review concluded that trimodality therapy can benefit 
selected patients in experienced centers[67].

One of the most important papers on trimodal therapy is the phase III trial by Trovo 
et al[68] published in 2020. In this trial, 108 patients with non-metastatic MPM, after 
non radical lung-sparing surgery and chemotherapy, were randomly assigned to 
receive hemithoracic radiation therapy (50 Gy in 25 fractions, gross residual disease 
received a boost of 60 Gy) or palliative radiation therapy (doses between 20-30 Gy). 
The primary endpoint was OS. With a median follow-up of 14.6 mo, the 2-year OS rate 
was 58% in the hemithoracic radiation therapy arm vs 28% in the palliative radiation 
therapy arm (hazard ratio, 0.54). However, in the hemithoracic radiation therapy 
group, the acute toxicity grade ≥ 3 was 20%, and the late toxicity grade ≥ 3-4 was 
registered in 17 patients (31% of the initial sample).

Adjuvant and neoadjuvant radiotherapy: Relatively little has been published on the 
use of adjuvant and neoadjuvant radiotherapy in MPM.

The Surgery for Mesothelioma after Radiation Therapy trial is a phase I-II trial that 
analyzed the feasibility of a short course of neoadjuvant hemithoracic IMRT (25 Gy in 
five fractions over consecutive days with a concomitant 5 Gy boost to risk areas) 
followed by EPP in patients with resectable T1-3N0M0 MPM[69]. The results were 
promising, with a cumulative 3-year survival rate of 84% in patients with epithelioid 
subtypes.

In 2016, de Perrot et al[70] published the results of a study of 62 patients treated with 
the Surgery for Mesothelioma after Radiation Therapy protocol. They reported a 
median survival of 36 mo. Respective median OS and disease-free survival (DFS) were 
51 and 47 mo for patients with epithelioid-subtype tumors vs 10 and 8 mo for those 
with biphasic subtypes (P = 0.001).

Based on the results of the above two studies, neoadjuvant radiotherapy could be 
considered for patients with potentially resectable (T1-3N0M0) epithelioid subtype. 
Further randomized trials are needed.

The earliest studies of adjuvant radiotherapy in MPM reported high rates of serious 
adverse events. Pulmonary toxicity was particularly common after decortication.

The SAKK trial randomized 54 patients to observation or adjuvant radiotherapy 
after EPP but was terminated prematurely due to insufficient recruitment[71].

Nelson et al[72], using data from the United States National Cancer Database, 
analyzed the role of adjuvant radiotherapy in MPM patients treated between 2004 and 
2013. Of the 2846 patients who underwent surgery, 213 (7%) received adjuvant 
radiotherapy, which was associated with better survival in patients with stage I-II 
disease (P = 0.024) but not in those with stage III (P = 0.890) or IV (P = 0.183) disease.

Prophylactic radiotherapy: The role of prophylactic radiotherapy in MPM is contro-
versial, as the results of more recent randomized clinical trials contradict findings from 
older studies and small trials from the pre-chemotherapy era.
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Two randomized trials comparing immediate radiotherapy to the tract (21 Gy/3 
fractions) and observation only concluded that radiotherapy did not reduce the 
incidence of tumor seeding[73,74]. Similarly, the trial by Clive et al[75] found no 
differences between immediate and deferred prophylactic radiotherapy, contrasting 
with findings by Boutin et al[76] in 1995 indicating that early radiotherapy prevented 
malignant seeding.

Prophylactic radiotherapy is not recommended in clinical practice. Where possible, 
patients should be included in clinical trials such as prophylactic irradiation of tracts 
(NCT01604005).

Unresectable locoregional or metastatic disease
Chemotherapy is the treatment of choice for unresectable locoregional or metastatic 
MPM. It has been demonstrated to improve both survival and quality of life[77]. 
Nonetheless, palliative care is the only option in certain patients due to age, 
comorbidities, or poor general health.

The main goal of palliative radiotherapy is to alleviate pain caused by tumor 
invasion of the thoracic structures[78].

The evidence supporting radiotherapy to the chest for pain relief is based on a 
systematic review of retrospective series and small phase II trials[79]. The authors, 
however, were unable to draw any useful conclusions about the benefits of palliative 
radiotherapy in MPM or about optimal dose fractionation or target volumes due to the 
use of highly heterogeneous protocols and the fact that most of the techniques 
employed are now obsolete. The best evidence to date is from the multicenter phase II 
SYSTEMS-1 trial, which used modern radiotherapy techniques[80]. The trial included 
30 patients who received 20 Gy (five fractions of 4 Gy/d). Pain, treatment response, 
and quality of life were evaluated using standardized questionnaires at weeks 1, 5, and 
12 post-treatment. The results showed an improvement in pain in 47% of patients. No 
significant effects were observed for the other quality-of-life variables.

The encouraging results of SYSTEMS-1 led the researchers to design a second trial, 
SYSTEMS-2[81], to compare the effects of an escalated dose (36 Gy in six fractions for 2 
wk) and a standard dose (20 Gy in five fractions for 1 wk) delivered only to the tumor 
responsible for the pain (hemithoracic radiation was not contemplated). The planned 
sample size is 112 patients and patients will be treated with IMRT or, where not 
available, three-dimensional (3D) radiotherapy. Radiotherapy quality, treatment 
responses, and associated toxicity will be evaluated using predefined protocols. No 
results have been reported yet.

Systemic therapy
First-line: The goal of first-line systemic therapy is to improve survival in patients 
with unresectable MPM. Superior survival outcomes have been reported for cisplatin 
plus pemetrexed or raltitrexed compared with cisplatin alone in phase III trials[77,82]. 
Carboplatin is an acceptable alternative, especially in older patients[83,84]. A number 
of clinical trials have investigated the effects of adding other agents to standard 
treatment. The phase III MAPS trial[85] showed the benefits of adding bevacizumab to 
the cisplatin-pemetrexed doublet, but this protocol has not been incorporated into 
general practice as it did not receive authorization from the United States Food and 
Drug Administration or the European Medicines Agency.

Maintenance: Continuation and switch maintenance chemotherapy with pemetrexed 
have changed clinical practice for non-small cell lung cancer. Their efficacy has not yet 
been demonstrated in MPM, but it is being investigated in the ongoing COMMAND 
and NVALT-19 trials.

Second-line: There is no current second-line standard-of-care systemic therapy for 
MPM, although a trend towards improved survival has been observed for vinorelbine
[86,87], supporting findings for this drug as first-line therapy in the MSO1 trial[88].

Immunotherapy: The effect of tremelimumab on survival in patients with unresectable 
MPM is being evaluated in a phase III randomized trial (NCT01843374)[89]. PDL1 has 
also emerged as a promising target for immunotherapy, as it is significantly expressed 
by MPM and sarcomatoid mesothelioma in particular. In the absence of second-or 
further-line standard of care, patients should be encouraged to enroll in clinical trials 
where possible.
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TARGET VOLUMES, ORGANS AT RISK, AND DOSE CONSTRAINTS
Defining target volumes for radiotherapy in MPM is challenging and requires 
thorough knowledge of the anatomy of the thorax and diaphragm and at times close 
collaboration with the thoracic surgeon.

Candidates for radiotherapy should have adequate performance status [electrocor-
ticogram (ECOG) score ≤ 1] and respiratory function (forced expiratory volume in 1 s > 
80%).

Immobilization techniques
Patients should be placed in a supine position with their arms raised over their head 
using a patient-specific immobilization device, such as an alpha cradle and headrest. 
Radiopaque fiducial markers and/or boluses should be placed in the region of the 
surgical incision and drainage areas.

CT images with a slice thickness of 2.5-3 mm should be acquired from 5 mm above 
the lung apex to the lower margin of the L3 vertebra or the anterior superior iliac 
spine, to include both kidneys.

Four-dimensional CT scans are recommended to determine the position of the 
diaphragm during respiratory movements. PET-CT may be necessary for 
postoperative restaging, particularly in patients with positive margins.

In patients with residual macroscopic disease, MRI with T1-and T2-weighted 
sequences, fat suppression, and diffusion-weighted imaging can be useful for 
determining macroscopic tumor volume[90]. Accuracy of target volume delineation 
can be improved by the intraoperative placement of fiducial markers at the level of the 
lower insertion of the diaphragm (or reconstructed diaphragm in cases of resection) 
and the anterior medial pleural reflection. It is also helpful to place these markers in 
any areas where the thoracic surgeon deems that complete resection may not be 
possible.

Target volumes
Clinical target volume (CTV): Volume encompassing entire pleura and ipsilateral chest 
wall as well as any sites at risk of residual disease (Figure 1).

Superior border: Above the first rib or 5 mm above the superior chest incision, 
whichever is higher.

Inferior border: Should encompass the entire diaphragmatic dome and 
diaphragmatic insertion as far as the emergence of the psoas muscle.

Anterior, posterior, and lateral borders: Should encompass the full thickness of the 
chest wall, ribs, intercostal muscles, lateral border of the sternum, costovertebral joints, 
lateral border of the vertebral bodies, costomediastinal and costodiaphragmatic 
recesses, and diaphragmatic crus. Anteromedially: Should encompass the anterior 
pericardium and the anterior medial pleural reflection. A 5-mm expansion margin 
should be used on the outer part of the chest wall, including skin in surgical incision 
and drainage areas. A 1-mm expansion margin should be used on the inner part of the 
chest wall in patients who have undergone lung-sparing surgery, bearing in mind that 
an additional 5 mm will be added for the planning target volume (PTV).

Medial border: Should encompass the mediastinal pleura and ipsilateral hilum. The 
inclusion of mediastinal lymph nodes is controversial. The proportion of positive 
mediastinal nodes ranges from 35%–41% depending on the surgical series[91,92], 
hence the recommendation by some groups to include these nodes in the radiation 
field[91,93-95].Although this positivity rate is high, most recurrences observed in cases 
where only involved mediastinal nodes were included occurred in the contralateral 
hemithorax (38%) or the abdomen (33%). Just 5% of local recurrences were classified as 
in-field failures[92]. Most groups therefore recommend only including mediastinal 
lymph nodes if they are positive[63,70,96-100].

PTV: Generally corresponds to the CTV with an isotropic expansion margin of 5 
mm. It may, however, vary depending on the immobilization and/or image-control 
techniques used.

Radiation dose
The recommended radiation dose is 50–54 Gy in daily fractions of 1.8–2 Gy. Patients 
with residual disease will require a boost to at least 60 Gy. Organs at risk (OAR) dose 
constraints must be met at all times (Table 5).

OAR
OARs must be contoured according to the radiation therapy oncology group atlas[101] 
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Table 5 Dose constraints in organs at risk

Organs at risk Dose constraints

Lungs-GTV V20 < 37%, Mean dose < 20 Gy

Contralateral lung-PTV V20 < 20%, V5 < 17%, Mean dose < 8 Gy

Ipsilateral lung V40 < 67%, Mean dose < 36 Gy

Heart defined as pericardial sac Right mesothelioma V40 < 25%; Left mesothelioma V40 < 35%

Brachial plexus Maximum dose < 65 Gy

Esophagus V55 Gy < 30%; Mean dose < 34 Gy

Stomach minus including PTV Mean dose < 30 Gy

Bowel Maximum dose < maximum PTV < 55 Gy; D5 cc < 50 Gy

Spinal cord Maximum dose < 50 Gy

Liver minus GTV V30 < 45%; Mean dose < 30 Gy

Kidneys evaluated separately V18 < 33% (or V18 < 50%, if cannot be achieved at ≤ 33%)

Ipsilateral kidney; Contralateral kidney V25 < 40%; V10 < 10%

GTV: Gross tumor volume; PTV: Planning treatment volume; V: Percent volume of organ permitted to receive specified dose.

Figure 1 Clinical target volume: Volume encompassing entire pleura and ipsilateral chest wall as well as any sites at risk of residual 
disease. A: Chest wall and ribs; B: Lateral border of sternum; C: Costovertebral joints and lateral edge of vertebra; D: Surgical incision area; E: Anterior pericardium.

(Table 6).

Treatment planning
IMRT techniques are recommended for treatment planning. The PTV must be covered 
by at least 95% of the prescribed dose (Figure 2).

RADIOTHERAPY TECHNIQUES
Choice of radiotherapy technique depends on the clinical context, treatment goal 
(curative or palliative intent), planned dose, and location of the target volume and 
OARs.
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Table 6 Dose constraints in organs at risk in mesothelioma radiotherapy treatment

Structure Heart Contralateral lung Ipsilateral lung Esophagus Spinal cord

Dose 
constraints

V40: 0 (< 
35%)

V20: 1.5 (< 20%); Mean dose 7 
Gy (< 8) 

V40: 57 (< 67%); Mean dose: 35 
Gy (< 36 Gy)

V55: 0 (< 30%); Mean dose 26 
(< 34 Gy)

Maximum dose: 43.7 (< 
50 Gy)

In parentheses recommended limit values in relation to those reflected in Table 5 and those recommended by Gómez et al[116].

Figure 2 Volumetric modulated arc therapy with three complete arcs. Isodose: blue (5040 cGy-100%), red (4788 cGy-95%), purple (5292 cGy-105%).

Conventional two-dimensional or 3D techniques are suitable for most treatments 
with palliative intent. The doses are normally low (20 Gy in five fractions or 30 Gy in 
10 fractions), and long-term toxicity is less of a concern given the poor prognosis[80].

Higher doses are needed when the goal is to achieve good long-term local control. 
More highly conformal techniques are recommended to achieve this goal with as little 
toxicity as possible.

Many studies of radiotherapy in MPM have used conventional postoperative two-
dimensional hemothoracic radiotherapy with parallel opposing photon fields, with or 
without an electron boost. This technique results in good sparing of the contralateral 
lung but is associated with significant treatment inhomogeneities linked to a high risk 
of local failure and/or toxicity[102]. Technological advances brought with them a shift 
towards an increasing use of 3D conformal radiotherapy techniques, which enable 
improved definition of target volumes. Even more advanced techniques emerged, 
offering superior conformality, precision, image-guided control, and dose distribution 
[IMRT, volumetric modulated arc therapy (VMAT), helical tomotherapy (HT), and 
proton therapy[103]].

A typical clinical case of modern postoperative RT after P/D is showed in Appendix 
1.

IMRT after EPP
IMRT and image-guided radiotherapy (IGRT) allow for the use of more highly 
conformal treatments, enabling thus the delivery of potentially curative doses to 
complex target volumes while maintaining doses to surrounding healthy tissue at an 
acceptable level[104-106].
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The potential of IMRT as adjuvant therapy has been evaluated in several trials, the 
earliest of which demonstrated the feasibility of hemithoracic IMRT following EPP. 
Institutional studies of modern radiotherapy techniques have reported 2-year locore-
gional control rates ranging from 40%–71% and 2-year OS rates of 18%–57%[95,107-
110].

In a study conducted at the MD Anderson Cancer Center (MDACC), EPP followed 
by IMRT was associated with a locoregional failure rate of just 13%[111]. Buduhan et al
[112] reported that IMRT was associated with lower local recurrence rates than 
conventional radiotherapy in patients treated with induction chemotherapy and EPP.

Better local control rates were also observed in another two prospective phase II 
trials. In the first, Krug et al[64], studied a series of patients treated with EPP and 
adjuvant IMRT (54 Gy in 30 fractions) and reported a local failure rate of 20.4% and a 
median survival of 29.1 mo. In the second phase II trial, Van Schil et al[63] reported a 
locoregional recurrence rate of just 16.2% and a median survival of 33 mo in patients 
treated with trimodality therapy comprising postoperative radiotherapy at a dose of 
54 Gy in 30 fractions.

Despite the excellent results reported in a number of studies[113], IMRT following 
EPP has been associated with severe pulmonary toxicity[56,111-114]. Researchers at 
the Dana-Faber Cancer Institute also reported high mortality rates attributed to IMRT
[115]. The patients had been treated with IMRT after EPP and adjuvant chemotherapy 
and had received a dose of 54 Gy and a boost up to 60 Gy in high-risk areas (positive 
margins or areas with residual disease). Six of the 13 patients (46%) died after 
receiving IMRT. In a retrospective review of 63 patients treated with either 3D 
radiotherapy or IMRT, Rice et al[56] found a 6-mo mortality rate of 37% (23 patients). 
Of these 23 patients, six died of a fatal pulmonary event. Five (5.8%) of the patients in a 
study performed by Gómez et al[109] at the MDACC experienced grade 5 pulmonary 
toxicity.

Severe toxicity in the above studies was associated with neoadjuvant chemotherapy 
and several dosimetric parameters, namely V20 (contralateral lung volume receiving 
20 Gy), V5, V10, and mean lung dose[111,115]. The recommendation thus was to 
restrict these doses for OARs.

The higher number of radiation beams or fields used in treatments plans for IMRT, 
VMAT, and HT means that the volume of tissue receiving low doses (5–10 Gy) may be 
larger, and this could directly affect toxicity. It is important to keep the above 
dosimetric parameters as low as possible for the contralateral lung. No specific 
thresholds have been established, but patients who experienced severe pulmonary 
toxicity in the above studies had mean lung dose > 8.5 Gy, V5 > 80%, V10 > 55% and 
V20 > 7%. The current recommendation thus is not to exceed these levels for any of the 
four parameters. V20 was the only independent dosimetric predictor of grade 5 
pneumonitis or disease-specific death[111]. Dose constraints to the lung have become 
increasingly strict as our understanding of IMRT has improved. The result has been a 
reduction in the incidence of grade 3 or higher pneumonitis (< 10% in most series) and 
low rates of grade 3 or higher esophagitis, asthenia, and dermatitis[116,117].

Patel et al[117] found that greater experience with IMRT planning in patients with 
MPM following EPP was associated with statistically significant better coverage of 
target volumes and a significant decrease in the dose to the contralateral lung, with 
relatively low lung toxicity rates (13%).

Researchers from the University Hospital of Heidelberg analyzed IMRT delivered 
using the step-and-shoot technique or HT[110]. The median dose administered was 
48–54 Gy, and there were no grade 4 or higher toxicities. Median OS was 20.4 mo. 
SAKK 17/04, an international multicenter phase II randomized trial, is the largest trial 
conducted to date of patients with MPM and the first to evaluate the role of high-dose 
hemithoracic radiotherapy as part of a multimodality approach. Following treatment 
with neoadjuvant chemotherapy (cisplatin/pemetrexed) and EPP, patients were 
randomized to receive or not high-dose radiotherapy (45.5 Gy in 26 fractions and a 
simultaneous integrated boost up to 55.9 Gy) to the hemithorax, the thoracotomy scar, 
and the mediastinal lymph node stations. The trial was terminated early due to low 
accrual. The difference in locoregional recurrence-free survival between patients in the 
high-dose radiotherapy group and the non-radiotherapy group was not significant (9.4 
vs 7.6 mo)[70].

In conclusion, despite the results of the SAKK 17/04 trial, increasing experience 
with IMRT delivery and planning has led to improved toxicity profiles and lower local 
recurrence rates (15%–35%)[109,110]. Hemothoracic radiotherapy continues thus to be 
the recommended standard of care following EPP for patients with operable stage I to 
III MPM. This indication features in several recent guidelines[27-29,118], which also 
recommend that this technique be performed in centers of excellence with experience 
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in this modality.

IMRT after P/D
There is an increasing trend to treat operable MPM using more conservative, less 
invasive surgical techniques, such as P/D, which is associated with lower morbidity 
and mortality than EPP. P/D, however, may be less effective at achieving adequate 
cytoreduction and carries a higher risk of local and distant recurrence. The use of 
adjuvant radiotherapy thus must be contemplated in such cases. The presence of an 
intact ipsilateral lung in addition to other OARs after P/D also poses a major challenge 
to radiation oncologists[28].

The earliest studies of conformal radiotherapy following P/D showed a high 
incidence of grade 3 or higher toxicities (mostly pulmonary) and low survival rates
[107,119].

Gupta et al[119] reviewed the records of 123 patients from the Memorial Sloan-
Kettering Cancer Center treated with P/D followed by hemithoracic radiotherapy (3D 
with or without brachytherapy) over a 30-year period. With a mean follow-up time of 
11 mo, median survival was 13.5 mo. Actuarial OS at 1 year was 23% and the local 
recurrence rate was 56.1%. The authors concluded that the combination of P/D and 
adjuvant hemithoracic radiotherapy was not effective and advised against the use of 
conventional IMRT in this setting[119].

Local failure rates following the clinical implementation of IMRT after P/D vary 
considerably from one study to the next, with 2-year rates ranging from 40%–68%; 
there have also been reports of severe toxicities[28].

According to a recent systematic review of the safety and efficacy of IMRT following 
P/D by Patel et al[120], between 0% and 16% of patients develop grade 3 pneumonitis, 
while less than 1.5% develop grade 4 or 5 pneumonitis. The authors also reported a 
recurrence rate of 19%–60%, a mean DFS time of 12–16 mo, and OS of 19–28 mo.

The Memorial Sloan-Kettering Cancer Center has published some of the most 
significant findings for IMRT as adjuvant therapy for MPM patients treated with P/D. 
Rosenzweig et al[121] reviewed the results of 36 patients treated with hemithoracic 
IMRT at this center; 20 had undergone P/D, and 16 had biopsy only. The dose in all 
cases was 50.4 Gy (1.8 Gy/fraction). The authors reported a grade 3 or higher toxicity 
rate of ≥ 20% and a median survival of 26 mo. They concluded that adjuvant IMRT 
following P/D improved disease-free and OS with acceptable toxicity levels[121]. The 
same group analyzed data from an additional 67 patients treated with IMRT (28 after 
P/D)[122]. The respective 1- and 2-year actuarial failure rates were 28% and 40%, and 
most of the recurrences were distant.

The first prospective phase II study to evaluate the safety of adjuvant hemithoracic 
IMRT after chemotherapy and P/D concluded that the administration of 50.4 Gy in 28 
sessions was feasible[100]. There were no cases of grade 4 or 5 pneumonitis; 29.6% of 
patients developed radiation pneumonitis, and the median disease-free and OS times 
were 12.4 and 23.7 mo, respectively. The disease recurred locally in 58% of patients. 
Most of these recurrences were at sites with prior macroscopic disease, highlighting 
the importance of complete macroscopic resection.

Shaikhet al[123] retrospectively reviewed the data of 209 patients treated with 3D 
radiotherapy or IMRT after P/D. In the P/D-IMRT group, 65% of the 78 patients 
received > 45 Gy. The 2-year local failure rate was high at 60%, and there was one case 
each of grade 4 and grade 5 pneumonitis[123].

In a study of 24 patients treated with P/D and IMRT at a dose of 45 Gy with or 
without an integrated boost up to 57.5–60 Gy at the MDACC, there were no cases of 
grade 4 or 5 pulmonary toxicities, the median OS was 28 mo, and the crude local 
failure rate was 42%[98].

Shaaban et al[124] analyzed data from the National Cancer Database for 286 patients 
with MPM treated with IMRT. The median survival in patients treated with P/D and 
IMRT (63% of total) was 19 mo, but the difference with those treated with P/D and 3D 
radiotherapy was not significant. No information was given on toxicities.

Differences in the characteristics of surgery, chemotherapy, and radiotherapy may 
explain the heterogeneous results observed in the different series.

In conclusion, the combination of P/D and IMRT achieves acceptable disease 
control and is associated with a low rate of severe toxicities at radiation doses of 45–54 
Gy[100]. IMRT can therefore be considered as an adjuvant therapy to P/D in well-
selected patients. Enrolment for a phase III trial (NRG-LU006) comparing P/D plus 
chemotherapy with or without adjuvant IMRT (or intensity-modulated proton 
therapy) is expected to begin shortly.
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VMAT and helical tomotherapy
Refined IMRT techniques were followed by VMAT and HT, whose superior technical 
and dosimetric qualities may offer even better outcomes in the setting of MPM 
(Figures 3 and 4)

VMAT involves the delivery of 6–10-MV-photon beams in a rotating arc, thereby 
offering better dose conformality compared with IMRT in addition to shorter delivery 
times and increased safety. HT uses a linear accelerator incorporated into a CT unit. It 
is a dynamic, rotational technique (the table moves during treatment) that uses 
multiple “fan-like” beams conformed at 51 different angles using an automated 
multileaf collimator. The photons generated in the linear accelerator have an energy of 
6 MV. Both VMAT and HT offer high precision, high conformality, and daily IGRT.

Comparative dosimetric studies have confirmed the theoretical advantage of VMAT 
and HT over IMRT[125-128].

Dumane et al[126] reported shorter treatment times for VMAT vs IMRT (8 vs 20 min) 
in addition to better sparing of OARs. Krayenbuehl et al[127], in turn, found that 
VMAT allowed for the use of lower lung doses and that two partial arcs yielded the 
best dosimetry.

Kimura et al[129] published the first study on the efficacy and safety of VMAT 
following EPP in MPM. They analyzed 15 patients treated with 54 Gy in 30 fractions 
and reported a 1-year local control rate of 55.7% and an OS rate of 43.1%. Patients with 
non-epithelioid MPM had worse local control rates. Three patients (20%) developed 
grade 3 pneumonitis.

Sterzing et al[128], in a dosimetric study comparing HT and step-and-shoot IMRT, 
found that the former offered better target coverage and homogeneity and also 
allowed for the delivery of a mean dose of less than 5 Gy to the contralateral lung. 
Thieke et al[110], by contrast, found no significant differences in dosimetry or clinical 
outcomes between HT and step-and-shoot IMRT.

Minatel et al[130] conducted a prospective study to evaluate the safety of HT in 
patients with MPM treated with P/D. In an initial analysis, they reported the results 
for 28 patients treated with 50 Gy in 25 fractions with a simultaneous integrated boost 
up to 60 Gy (2.4 Gy/fraction) delivered to fluorodeoxyglucose-avid areas observed by 
PET. There were five cases of grade 2 or 3 pneumonitis. The authors found that 
contralateral lung V5 was strongly correlated with the risk of pneumonitis and 
therefore restricted this parameter to 17% for the contralateral lung. In a subsequent 
analysis of 69 patients, they observed seven cases of grade 3 pneumonitis, one case of 
grade 5 pneumonitis, and good disease control (local failure rate, 19%; 2-year OS rate, 
58%–65%).

Now that technological advances enable better dose distribution control, new 
studies have emerged to analyze the feasibility of escalating doses without increasing 
toxicity. Parisi et al[131] analyzed 36 patients treated with HT: 19 after P/D and 17 
with unresectable disease who had undergone biopsy only. The median dose was 25 
Gy (range 25–30 Gy) delivered in five fractions. The results were very promising. The 
median survival for a median follow-up of 37 mo was 22 mo, and there were three 
cases of grade 3 pneumonitis and no cases of grade 4 or 5 pneumonitis.

In a study by Fodor et al[132], 51 patients were treated with hypofractionated HT at 
a dose of 56 Gy and most of them received a concomitant boost up to 62.5 Gy. There 
were no grade 3 pulmonary toxicities in the group that did not receive a boost. In the 
group that did receive the boost, however, there were two cases of grade 5 toxicity and 
11 cases of grade 3 toxicity. Median OS was 26 mo.

Pehlivan et al[133] compared VMAT and HT in patients with unresectable MPM. 
They concluded that both techniques offered efficient target volume coverage while 
maintaining OAR doses under established limits, although HT was associated with 
better mean and maximum doses and a significantly more homogeneous dose distri-
bution (P < 0.001). The main drawback of HT was its longer treatment time (7.4 vs 2.5 
min/fraction, P < 0.001).

In conclusion, although more studies and clinical trials are needed, both VMAT and 
HT can improve local control in MPM and also have an acceptable toxicity profile. 
VMAT and HT should be performed in experienced centers.

Stereotactic body radiotherapy
High local recurrence is a major problem in MPM and could perhaps be improved 
through a more radical strategy targeting pleural and regional recurrences.

SBRT involves the delivery of high-dose radiotherapy in just a few sessions. It is a 
high-precision, highly conformal technique that uses a steep dose gradient. The goal is 
to deliver a highly targeted ablative dose to the tumor.
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Figure 3 Patient with left malignant pleural mesothelioma treated with volumetric modulated arc therapy with palliative intent.

Figure 4 Patient with predominantly central malignant pleural mesothelioma treated with volumetric modulated arc therapy.

A Swiss group of researchers retrospectively evaluated the feasibility of SBRT for 
pleural recurrences in patients with oligoprogressive MPM[134]. They analyzed the 
data for 50 lesions in 21 patients who developed local recurrence after initial treatment 
of MPM. The patients received a median of five fractions (range 3–20) with a median 
dose of 5 Gy/fraction (range 2.5–12.5 Gy). The total median dose was 30 Gy (range 
20–50 Gy). Median follow-up from diagnosis was 28 mo (range 7–152 mo). The local 
control rate achieved (calculated by lesion) was 73.5%. Median DFS was 6 mo (range 
0–21 mo), and median OS from the first SBRT session was 29 mo (range 0–61 mo). Just 
one patient experienced grade 3 or higher toxicities. SBRT was well tolerated, even 
after multiple repetitions, and it was associated with high local control rates and 
promising OS.

SRBT may be a promising option for achieving local control and delaying the need 
for systemic therapy in selected patients with a low tumor burden.

Proton therapy
Radiotherapy can also be delivered using heavy particles with radiobiological 
properties, such as protons, carbon ions, neutrons, and alpha particles. These particles 
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deposit a high dose to the tumor but doses to adjacent tissues rapidly fall off (Bragg 
peak). The main challenge with proton therapy is that proton beams are sensitive to 
volume and changing densities (air cavities) in the tissues they cross and are also 
altered by respiratory and cardiac movements.

Few studies have analyzed the usefulness of proton therapy in MPM.
Krayenbuehl et al[135] compared dosimetric planning for IMRT and proton therapy 

in patients with MPM treated with radical surgery (EPP). They found that proton 
therapy provided better PTV dose coverage and homogeneity in relation to V95 (P = 
0.04) and also delivered a lower dose to OARs (kidneys, contralateral lung, heart, 
spinal cord, liver). Dose distributions, however, were very sensitive to changing air 
cavities.

Researchers at the University of Pennsylvania evaluated the use of proton therapy 
in 16 patients with MPM after radical pleurectomy[136]. Doses were calculated as 
cobalt gray equivalents (CGE). The median dose was 51.75 CGE (range 50.0–75.0 CGE) 
in daily fractions of 2.0 CGE (range 1.8–2.5 CGE). With a median follow-up of over 5 
mo, all the patients achieved local control. There were no cases of acute or late grade 3 
or higher toxicities.

The same group performed the first prospective study of proton therapy with 
adjuvant or salvage intent (eight and two patients, respectively)[137]. The median dose 
was 55.0 CGE/1.8–2.0 CGE (range 50–75 CGE). The 2-year local control rate was 90% 
and median survival was 19.5 mo from treatment completion and 30.3 mo from 
diagnosis. None of the patients experienced grade 2 or higher acute or late toxicity.

Evidence on the use of proton therapy in patients with MPM following P/D is even 
scarcer. Badiyan et al[138] studied 10 such patients treated with a mean total dose of 54 
Gy (range 50.0-60.0/1.8-2.4 Gy). Median follow-up was 6.5 mo, and the 6-mo local 
control and OS rates were 87.5% and 64.3%, respectively. The treatment was well 
tolerated, and just two patients experienced grade 3 pneumonitis.

In conclusion, proton therapy following either EPP or P/D may offer dosimetric 
advantages[138]. Although no randomized controlled trials have yet been conducted, 
proton therapy can be contemplated for selected patients at centers with experience, 
preferably within the context of a clinical trial[139].

Adaptative radiotherapy
Adaptive radiotherapy involves the creation of new plans during the course of 
treatment to adapt to changes in target volumes detected by IGRT. These changes may 
be the result of anatomic variations (changes in tumor volume, patient weight/waist 
circumference), organ movement, or variations in patient positioning.

Adaptive radiotherapy is a potentially useful tool for tumors such as MPM where it 
is difficult to meet OAR dose constraints due to the large treatment volumes required. 
There is, however, very little experience with this modality in the setting of MPM. 
Considering the lack of evidence and the few descriptions of its use in clinical practice, 
adaptive radiotherapy should be used with caution in MPM until more robust 
evidence becomes available.

RECURRENCE PATTERNS AND TREATMENT
Recurrence patterns
Patterns of recurrence in MPM vary widely between series. The most common pattern 
of recurrence is distant metastasis, which can occur alone or in association with local 
recurrence[107].

Distant metastasis was the most common pattern in the MDACC series of patients 
treated with EPP followed by hemithoracic IMRT. It occurred alone in 59% of cases 
and in association with local recurrence in 16%[109]. Just two patients (2.3%) 
developed local recurrence only. The most common site for locoregional recurrence 
was the ipsilateral hemithorax. Up to 57% of local recurrences were located in a 
previous radiotherapy field.

In the only prospective randomized controlled trial to analyze radiotherapy after 
EPP (SAKK 17/046), the recurrence rates were 5% for local recurrence only (within the 
PTV), 19% for synchronous distant and local recurrence, and 62% for distant 
metastasis only (outside the PTV)[92].

Based on data from small retrospective series with short follow-up times, recurrence 
patterns following P/D seem to differ somewhat from those seen in EPP, with higher 
rates of local recurrence (64% vs 31%) and lower rates of distant metastasis (36% vs 
69%).
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Treatment of recurrences
Very little has been published on the treatment of recurrence in MPM. Recurrence is a 
marker of poor prognosis (median survival of 3-mo following detection). In an 
analysis of 106 patients with recurrent disease, 74%were treated with salvage therapy 
(single modality in 86% of cases and a combination of treatments in 14%). The most 
common option was chemotherapy (71%) followed by radiotherapy (23%) and surgery 
(21%)[140]. The use of salvage therapy in these cases significantly increased DFS (10 vs 
2 mo) (P < 0.0005).

Salvage surgery
The evidence on salvage surgery in MPM is controversial due to highly heterogeneous 
results and the use of small samples and different techniques. Salvage surgery can be 
contemplated on a case-by-case basis for patients who present exclusively with local 
recurrence amenable to surgery following trimodality therapy.

In a retrospective series of recurrence patterns and second-line treatments following 
multimodality therapy, 21% of patients presenting with local recurrence were treated 
with surgery, which was associated with an OS of 16 mo and significantly longer 
recurrence-free survival than either chemotherapy or radiotherapy (P < 0.0005)[140]. 
Resection of recurrent disease at the ipsilateral chest wall (9 patients) and extended 
chest-wall resections (4 patients) were safe and effective. Contralateral partial 
pleurectomy, by contrast (3 patients), was associated with high morbidity and 
mortality and is not recommended.

Salvage radiotherapy
Reradiation can be considered for the treatment of asymptomatic local recurrence. 
Doses and fractionation should be planned according to the site and extension of the 
tumor and the characteristics of the patient[28] (type of recommendation: Informal 
consensus, moderate level of recommendation).

Salvage radiotherapy has been administered using conventional (standard 
fractionation) or hypofractionated protocols, as monotherapy, and in combination 
with chemotherapy or after salvage surgery (positive margins). Heterogeneous 
outcomes have been reported.

The treatment of oligoprogressive disease is challenging, and an optimal approach 
has yet to be defined. Ablative treatment, however, may increase local recurrence–free 
survival. Based on results from other settings, SBRT may be a promising option for 
salvage radiotherapy in patients with oligoprogressive disease[134].

Salvage systemic therapy
Salvage chemotherapy provides poor results (median survival of 3–7 mo after 
recurrence)[29,141,142]. It can be considered in patients in good physical condition 
(ECOG ≤ 2) with unresectable local disease or distant metastasis. Patients who achieve 
a lasting response (> 6 mo) to induction chemotherapy with cisplatin/pemetrexed can 
be given the option of repeating this treatment or switching to vinorelbine, which is 
associated with better tolerance. Enrollment in a clinical trial should be considered 
given the limited efficacy of salvage chemotherapy.

Promising preliminary results for immunotherapy (pembrolizumab monotherapy 
or nivolumab +/- ipilimumab) have been observed in MPM since the first studies were 
published in 2009[29]. Two phase III trials (NCT02991482 and NCT03063450) are 
currently underway, but no results have been reported yet.

FOLLOW-UP
There are no clear evidence-based recommendations on post-treatment follow-up of 
patients with MPM. Many guidelines, including the European Society of Medical 
Oncology guidelines[30], recommend an individualized approach, determined by the 
patient's medical team. Signs or symptoms detected during follow-up, such as reduced 
respiratory function, chest pain, cough, anorexia, weight loss, and asthenia, can raise 
suspicion of disease progression. Nonetheless, some clinical guidelines recommend a 
CT scan every 3 to 6 mo after completion of active treatment[143]. The role of PET or 
MRI during the follow-up of patients with MPM is unclear. The development of 
targeted therapies and immunotherapy, which normally occurs within a clinical trial 
setting, will probably give rise to more objective follow-up strategies in the future
[144].
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Figure 5 Dose distribution of radiotherapy treatment with volumetric modulated arc therapy. Note the adequate conformation to the clinical 
treatment volume, avoiding organs at risk.

Figure 6 Low dose distribution of radiotherapy treatment with volumetric modulated arc therapy. Note the adequate conformation to the clinical 
treatment volume, avoiding organs at risk, specially the heart, esophagus, and contralateral lung.

APPENDIX 1: CLINICAL CASE
A 62-year-old male patient with a personal history of heavy ex-smoking of 20-30 
cigarettes per day for 30 years until 2005. Occupational exposure to asbestos for 25 
years. Melanoma in left lower limb treated with surgery.

Consultation in February 2020 for discrete increase of dyspnea without other 
significant associated symptoms. CT and PET-CT showed mild left pleural effusion 
and left pleural thickening predominantly in the apical area with suspected 
mesothelioma as the first option. The biopsy was positive for malignant mesothelioma.

The patient presented good respiratory functional data, so as it was a localized 
disease; treatment with neoadjuvant chemotherapy and subsequent surgery was 
considered by the tumor committee.

The patient presented a partial response to chemotherapy and non-radical lung-
sparing surgery was proposed, obtaining a complete resection.

The pathological anatomy showed an epithelioid malignant mesothelioma, with 
disease predominating in the left latero-apical area, and two foci of disease in the 
caudal and medial area of the pleura.

Treatment was proposed with adjuvant RTE, with VMAT technique, with a dose of 
46 Gy on total left hemipleura and a boost in areas of tumor persistence after 



Luna J et al. GOECP/SEOR guidelines radiotherapy malignant mesothelioma

WJCO https://www.wjgnet.com 600 August 24, 2021 Volume 12 Issue 8

chemotherapy up to 60 Gy, with integrated boost technique, treatment in 23 sessions 
(Figures 5 and 6)

The established dosimetric criteria were met (Table 5), and the patient presented 
good tolerance to treatment, with the appearance of pleural effusion without 
associated symptoms during treatment.

CONCLUSION
MPM is a rare tumor that is very challenging to treat. Advances in surgery and 
radiotherapy, together with the development of new systemic therapies, have brought 
modest improvements in survival and local control and considerably lower toxicity 
than classic treatments Adequately powered, homogeneous clinical studies evaluating 
these advances are needed to provide objective evidence of improvements and clear 
evidence-based guidelines for the management of this disease.
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