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Background

• The prognosis of malignant pleural

mesothelioma (MPM) is extremely poor

with an increasing incidence rate worldwide

Robinson BM: Ann Cardiothorac Surg 1: 491-496, 2012

Campbell K, et al: Bull Cancer 100: 1283-1293, 2013



Multimodal Therapy

• Multimodal therapies have been adopted for

MPM, including surgery, chemotherapy and

radiotherapy.

• In particular, the goal of radical surgery is

to achieve macroscopic complete resection

(MCR) obtained via extrapleural

pneumonectomy (EPP) or

pleurectomy/decortication (P/D).
RuschV, et al: J Thorac Cardiovasc Surg 145: 909-910, 2013

Wolf AS, et al: Semin Thorac Cardiovasc Surg 21: 132-148, 2009



Cytoreduction

• The International Mesothelioma Interest

Group (IMIG) advise that surgical

cytoreduction is indicated when

macroscopic complete resection is deemed

achievable and that the type of surgery (EPP

or P/D) depends on clinical factors and on

individual surgical judgment and expertise.

Weder W, et al. Lancet Oncol 2011;12:1093–4.



MESO-VATS

• Open-label, parallel-group, randomized, controlled trial in patients

aged 18 years or older with any subtype of confirmed or suspected

mesothelioma with pleural effusion, recruited from 12 hospitals in the

UK.

• Eligible patients were randomly assigned (1:1) to either VAT-PP

(video-assisted thoracoscopic partial pleurectomy) or talc pleurodesis

by computer-generated random numbers, stratified by European

Organization for Research and Treatment of Cancer risk category

(high vs low).

• The primary outcome was overall survival at 1 year, analyzed by

intention to treat (all patients randomly assigned to a treatment group

with a final diagnosis of mesothelioma).

• This trial was registered with ClinicalTrials.gov, number

NCT00821860 Rintoul RC, et al. Lancet 2014



MESO-VATS

aim

• To compare efficacy in terms of overall

survival, and cost, of VAT-PP and talc

pleurodesis in patients with malignant

pleural mesothelioma.

• 196 patients, of whom 175 (88 assigned to

talc pleurodesis, 87 assigned to VAT-PP)

had confirmed mesothelioma.



MESO-VATS

results
• Overall survival at 1 year was 52% (95% CI 41–62) in the VAT-PP

group and 57% (46–66) in the talc pleurodesis group (hazard ratio 1·04

[95% CI 0·76–1·42]; p=0·81).

• Surgical complications were significantly more common after VAT-PP

than after talc pleurodesis, occurring in 24 (31%) of 78 patients who

completed VAT-PP versus ten (14%) of 73 patients who completed

talc pleurodesis (p=0·019), as were respiratory complications (19

[24%] vs 11 [15%]; p=0·22) and air-leak beyond 10 days (five [6%] vs

one [1%]; p=0·21), although not significantly so.

• Median hospital stay was longer at 7 days (IQR 5–11) in patients who

received VAT-PP compared with 3 days (2–5) for those who received

talc pleurodesis (p<0·0001).



MESO-VATS

conclusions

• VAT-PP is not recommended to improve overall

survival in patients with pleural effusion due to

malignant pleural mesothelioma, and talc

pleurodesis might be preferable considering the

fewer complications and shorter hospital stay

associated with this treatment.

• However, they found some evidence that low-risk

patients who are expected to survive at least 6

months might benefit in terms of quality of life

from VAT-PP.



Radical Surgical Management

principles

• First, patient selection is critical when

considering radical surgery and assessing

patient factors such as age, comorbidities,

and performance status.

• Sarcomatoid type mesothelioma is almost

invariably excluded from surgical

management, with opinions differing on

surgery in biphasic mesothelioma.



Surgical Management

Principles

• Radiologic examination of the extent of

involvement should be supplemented by staging

laparoscopy and/or contralateral thoracoscopy if

involvement outside the ipsilateral hemithorax is

suspected.

• Although a multidisciplinary approach is

advocated, it is unclear whether neoadjuvant or

adjuvant systemic therapy is preferable and what

role radiotherapy should play before or after

radical surgery.



Weder W,  et al.; Ann Oncol 2007;18:1196–1202. 21. 

Krug LM, et al. J Clin Oncol 2009;27:3007–3013. 

Van Schil PE, et al.; Eur Respir J 2010;36:1362–1369.

Multimodality Approach

EPP



MARS

• The controversy on the role and effectiveness of EPP in the

management of MPM led to the design of the

Mesothelioma and Radical Surgery (MARS) trial.

• Patients were scheduled to receive three cycles of

chemotherapy and to be restaged thereafter. Then, patients

were assigned either to EPP followed by postoperative

haemithoracic irradiation or to the no-EPP group,

consisting of continued oncological management, which

could include chemotherapy, palliative radiotherapy, or

palliative surgery (pleurodesis).

Treasure T, et al.. J Thorac Oncol 2009;4:1254–1258

Treasure T, et al.; study. Lancet Oncol 2011;12:763–772



MARS (2)

• The EPP procedure was centralized in a

limited number of participating high volume

centers with experienced thoracic surgeons.

To power this trial for the outcome of

overall survival, an accrual of 670 patients

was required.



MARS (3)

• As the feasibility of allocating patients

between a surgical and nonsurgical

approach was questioned, a randomized

phase 2 trial was first initiated in 50

patients.

• Of 112 patients registered over 3 year, only

50 were randomized, because of incomplete

registration, disease progression, or

withdrawal by the patient.



MARS (4)

• Survival was defined from time to randomization,

this means after the induction chemotherapy.

• The patients allocated to no-EPP had a better

median and 1-year overall survival than those

treated with EPP in the MARS trial and than those

in a number of historical series. Quality of life was

also worse in the EPP-treated patients and

remained so during the 2 years of follow-up.



MARS (5)

• The results of this feasibility trial have stirred the

controversy even more than before, as the trial’s

sample size was insufficient for outcome as

primary end point and could only conclude to the

non-feasibility of a phase 3 trial on this issue. The

enthusiasm to perform EPP declined in several

institutions and a search for alternative surgical

interventions revived.



NOVEL STRATEGIES – WHERE DID WE GO 

AFTER MARS?

• Since P/D has been repeatedly associated with

similar to better outcome than EPP, and EPP

accompanied by perioperative chemotherapy and

radiotherapy was better than EPP alone, the

question arised whether P/D as part of a

multimodality treatment further improves outcome

(Table 2).

• The mechanism whereby P/D results in a better

outcome than EPP remains unsolved.





NOVEL STRATEGIES – WHERE DID WE GO 

AFTER MARS?

• Some argued that the operative mortality, which is

typically higher with EPP, was the cause.

• Others speculated that a maximal cytoreduction is not

necessary because survival rates are determined by the

time before the relapse of MPM.

• Comprehensibly, lung-sparing surgery can be responsible

for better survival rates. P/D patients tend to recur more

locally, and these relapses can be retreated either surgically

or by radical radiotherapy, suggesting that the improved

outcome of P/D might be related to this relapse pattern.



NOVEL STRATEGIES – WHERE DID WE GO 

AFTER MARS?

• However, the data of P/D as part of a

multimodality treatment are mostly

extracted from retrospective selected series

spanning several decades, with different

drugs, not analyzed according to the

intention-to-treat (ITT) principle and require

prospective confirmation.



Mesothelioma and Radical 

Surgery 2 (MARS2)

• The aim of the MARS2 study is to compare

surgery - (extended) pleurectomy decortication -

with no surgery in patients receiving

chemotherapy with respect to overall survival,

cost-effectiveness and quality of life.

• Patients will be followed up by phone at regular

intervals for 2 years.

• Patients will be asked to complete and return a

Quality of Life Questionnaire at these time points.





ClinicalTrials.gov Identifier: 

NCT02040272
Study Design

• Study Type : Interventional (Clinical Trial)

• Estimated Enrollment : 328 participants

• Allocation: Randomized

• Intervention Model: Parallel Assignment

• Masking: None (Open Label)

• Primary Purpose: Treatment

• Official Title: Mesothelioma and Radical Surgery 2: a Multicentre

Randomised Trial Comparing (Extended) Pleurectomy Decortication Versus

no (Extended) Pleurectomy Decortication for Patients With Malignant Pleural

Mesothelioma (Mars 2).

• Study Start Date  : May 2015

• Estimated Primary Completion Date  : September 2020

• Estimated Study Completion Date  : September 2022



MARS-2

Outcomes
Primary Outcome Measures :

• Survival [ Time Frame: 24 months ]

• The time from randomisation to death will be measured and date of death will be collected on purposely designed case report

forms.

Secondary Outcome Measures :

• Progression free survival to two years [ Time Frame: 24 months ]

• Serious adverse health events to two years after randomisation [ Time Frame: 24 months ]

• Health Related Quality of Life: EORTC QLQ-C30 (questionnaire) to two years [ Time Frame: 24 months ]

• 3 types of scales. Functioning scales which include physical functioning, role functioning, emotional function, cognitive

functioning and social functioning. Symptom scales which include fatigue, nausea and vomiting, pain, dyspnoea, insomnia,

appetite loss, constipation, diarrhoea, financial difficulties. An overall global health status/QoL

• All scales range between 0 and 100.

• For functioning scales, a high score indicates a high level of functioning. Similarly, a high global health status/QoL score

indicates a high quality of life. For symptom scales, a high score indicates a high level of symptoms.

• Resource and health service use to two years and during initial surgical admission for surgical arm [ Time Frame: 24 months and

during initial surgical admission for surgical arm ]

• Health Related Quality of Life: EQ-5D-5L (questionnaire) to two years [ Time Frame: 24 Months ]

• subscales: mobility, self-care, usual activities, pain/discomfort, anxiety/depression. These range from 1-5.

• subscales mobility, self-care, usual activities, pain/discomfort, anxiety/depression are combined to calculate an overall index

score which ranges from -0.59 to 1.

• A higher score indicates better quality of life

• Health Related Quality of Life: EQ-5D-5L (questionnaire) to two years [ Time Frame: 24 months ]

• VAS (visual analogue scale) score. Ranges from 0 to 100.

• A higher score indicates better quality of life



MARS-2

Criteria
• Inclusion criteria:

• 16 years of age or over

• Tissue (cytology or histology) confirmed epithelioid, sarcomatoid or biphasic mesothelioma

• Disease confined to one hemi-thorax based on CT assessment

• Disease deemed surgically resectable

• Fit for surgery

• Capacity to provide written informed consent to participate in the trial

• Exclusion criteria:

• Severe shortness of breath (this is defined as an Eastern Cooperative Oncology Group (ECOG) status ≥ 2, or if lung function tests

are performed: pre-operative forced expiratory volume after one second (FEV1) or transfer factor of the lung for carbon

monoxide (TLco) less than 20%)

• Serious concomitant disorder that would compromise participant safety during surgery (e.g. evidence of end organ failure)

• Severe heart failure (this is defined as NYHA III or IV or if an echocardiogram is performed an ejection fraction less than 30%)

• End stage kidney failure requiring dialysis

• Liver failure (e.g. encephalopathy and/or coagulation abnormalities)

• Prisoner

• Patient lacks capacity to consent

• Existing co-enrolment in another interventional clinical trial that aims to improve survival



Radiotherapy

• Novel approaches including neoadjuvant

haemithoracic accelerated radiotherapy

followed by EPP are under investigation
• ClinicalTrials.gov NCT00797719 (Short Neoadjuvant Hemithoracic IMRT for MPM)

• A feasibility study evaluating Surgery for Mesothelioma After

Radiation Therapy: the "SMART" approach for resectable malignant

pleural mesothelioma. Cho BCJ, J Thorac Oncol. 2014 Mar;9(3):397-40

• 25 patients

• high-dose hemithoracic intensity-modulated radiation therapy (IMRT) followed by extrapleural

pneumonectomy (EPP).

• After a median follow-up of 23 months (range, 6-51), the cumulative 3-year survival reached 84% in

epithelial subtypes compared with 13% in biphasic subtypes (p = 0.0002).

• SMART is feasible in resectable MPM patients.

de Perrot M, et al: J Thorac Cardiovasc Surg 151:468-473, 2016

Novak AK, et al. JCO 2021

•. 2014 Mar;9(3):397-40



Ongoing Clinical Trials

Menis J, et al: Trans Lung Cancer Res 2021
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