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ÅMalignant mesothelioma is a tumour arising from the mesothelial 
lining of the pleura, peritoneum, pericardium and tunica vaginalis

ÅPleural mesothelioma is the most common of these, accounting for 
approximately 90% of disease 

ÅIncidence : 1 to 2 persons per million of the general population

Rossini et al. Front Oncol. 2018 Apr 3;8:91

Robinson et al. Ann CardiothoracSurg2012;1(4):491-496



1. Epithelioid mesothelioma 

2. Sarcomatoidmesothelioma

Desmoplastic mesothelioma

3. Biphasic mesothelioma 

1. Epithelioid mesothelioma

2. Sarcomatoidmesothelioma

3. Biphasic mesothelioma  

üDiffuse malignant mesothelioma

üLocalised malignant mesothelioma

üWell differentiated papillary mesothelioma 

ü Adenomatoid tumor

1. Primary effusion lymphoma
2. Diffuse large B-cell lymphoma associated 

with chronic inflammation 

1. Epithelioid hemangioendothelioma
2. Angiosarcoma 
3. Synovial sarcoma 
4. Solitary fibrous tumor
5. Malignant solitary fibrous tumor
6. Desmoid-type fibromatosis 
7. Calcifying fibrous tumor
8. Desmoplastic round cell tumor

Galateau-Salle et al. Journal of Thoracic Oncology 2015. Vol. 11 No. 2: 142-154 



Taioli et al. Ann ThoracSurg2014;98:1020ï5 

Å NEW MPM CASES MAXIMUM IN 1980s and 
1990s

Å NOW PLATEAUING



1. Asbestos exposure ( occupational and non- occupational )

2. Non asbestos minerals

3. Radiation exposure

4. Chronic inflammation

5. Simian virus 40

6. Genetic susceptibility

7. Old age

8. Male gender

Attanooset al. Arch PatholLab Med. 2018 Jun;142(6):753-760



ÅFibrous mineral with physical and chemical properties that make it 
resistant to heat and degradation 

ÅUsed extensively in factories of India

Å> 80% cases of mesothelioma attributed to asbestos exposure

ÅSerpentine group 
ÅChrysotile (  95 % of worldwide used asbestos ) 

ÅAmphibole group ( less commonly used but higher risk of malignancies )
ÅAnthophyllite
ÅTremolite 
ÅAmosite  
ÅCrocidolite 

Robinson et al. Ann CardiothoracSurg2012;1(4):491-496 



Gilham C et al. OccupEnviron Med 2016;73:290ï299 

Draughtsmen 2 4 1.1 (0.2, 6.3) 2 3 4 7 1.7 (0.5, 6.1) 

Engineers & technologists nec. 5 5 2.5 (0.7, 9.3) 8 18 13 23 2.2 (1.1, 4.4) 

Stores & warehousemen 1 4 0.7 (0.1, 6.6) 3 20 4 24 0.7 (0.2, 1.9) 

Armed forces nec. 0 1 - 0 0 0 1 -

Drivers & road transport workers 10 17 1.4 (0.6, 3.4) 20 46 30 63 1.7 (1.1, 2.8) 

Other industrial not elsewhere classif ied 19 34 1.6 (0.8, 3.1) 27 74 1.5 (0.9, 2.5) 46 108 1.6 (1.0, 2.3) 

All low r isk industr ial jobs 41 66 1.6 (1.0, 2.8) 63 172 1.5 (1.1, 2.2) 104 238 1.6 (1.2, 2.2) 

Other low r isk jobs (reference group) 45 124 1.0 95 400 1.0 140 524 1.0 

Job category Cases 

Born 1925-1939 

Controls OR (95% CIs) Cases 

Born since 1940 

Controls OR (95% CIs) Cases 

All men 

Controls OR (95% CIs) 

All non-construction high risk jobs 14 5 7.3 (2.4, 21.8) 15 14 4.3 (2.0, 9.3) 29 19 5.2 (2.8, 9.6) 

Carpenter 16 6 7.2 (2.6, 19.9) 41 15 11.6 (6.1, 21.9) 57 21 10.5 (6.1, 18.1) 

Plumbers, electricians & painters & decorators 12 10 3.5 (1.4, 8.7) 47 47 4.2 (2.7, 6.8) 59 57 4.1 (2.7, 6.2) 

Other construction 16 17 2.6 (1.2, 5.7) 38 56 2.9 (1.8, 4.6) 54 73 2.8 (1.9, 4.2) 

All medium risk industrial jobs 31 56 1.5 (0.8, 2.6) 38 124 1.3 (0.8, 2.0) 69 180 1.4 (1.0, 1.9) 

All low risk industrial jobs 41 66 1.6 (1.0, 2.8) 63 172 1.5 (1.1, 2.2) 104 238 1.6 (1.2, 2.2) 

Other low risk jobs (reference group) 45 124 1.0 95 400 1.0 140 524 1.0 
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Table 3.2.9 Numbers of male mesothelioma cases and controls by last job before interview and year of birth 

Job category and occupation Cases 

Born 1925-1939 

Controls OR (95% CIs) Cases 

Born since 1940 

Controls OR (95% CIs) Cases 

All men 

Controls OR (95% CIs) 

Non-construction high r isk 

Metal plate worker 3 2 4.2 (0.7, 27.1) 3 3 4.2 (0.8, 21.5) 6 5 4.1 (1.2, 14.1) 

Asbestos product manufacturer 1 0 - 0 0 - 1 0 -

Laggers & electrical, energy, boiler 

attendants 1 0 - 3 1 12.1 (1.2, 119.2) 4 1 15.6(1.7 (142.8) 

Docker, shipbuilding or working on board 

ship 7 3 5.2 (1.2, 21.7) 9 10 3.5 (1.4, 9.0) 16 13 4.1 (1.9, 8.8) 

Navy 2 0 - 0 0 - 2 0 -

All non-construction high r isk j obs 14 5 7.3 (2.4, 21.8) 15 14 4.3 (2.0, 9.3) 29 19 5.2 (2.8, 9.6) 

Construction 

Carpenter 16 6 7.2 (2.6, 19.9) 41 15 11.6 (6.1, 21.9) 57 21 10.5 (6.1, 18.1) 

Plumber 2 3 2.3 (0.4, 14.7) 17 15 4.8 (2.3, 10.1) 19 18 4.3 (2.2, 8.4) 

Electrician 7 5 3.8 (1.1, 13.0) 16 18 3.8 (1.9, 7.7) 23 23 3.9 (2.1, 7.2) 

Painters & decorators 3 2 4.1 (0.7, 26.4) 14 14 4.2 (1.9, 9.1) 17 16 4.3 (2.1, 8.7) 

Plumbers, electr icians & painters & decorators 12 10 3.5 (1.4, 8.7) 47 47 4.2 (2.7, 6.8) 59 57 4.1 (2.7, 6.2) 

Other construction 16 17 2.6 (1.2, 5.7) 38 56 2.9 (1.8, 4.6) 54 73 2.8 (1.9, 4.2) 

Medium r isk industr ial 

Metal working production & maintenance 

fitters 5 4 2.0 (0.5, 8.1) 9 14 2.6 (1.1, 6.2) 13 19 2.5 (1.2, 5.2) 

Railway worker 1 2 2.0 (0.2,23.7) 0 4 - 1 6 0.7 (0.1, 5.6) 

Chemist or industrial scientist 2 4 1.6 (0.3, 9.4) 2 7 1.2 (0.2, 5.9) 4 11 1.3 (0.4, 4.2) 

Surveyor or inspector 5 8 1.5 (0.5, 5.1) 9 31 1.2 (0.6, 2.7) 14 39 1.3 (0.7, 2.6) 

Metal machining & instrument makers nec. 3 0 - 3 13 0.9 (0.3, 3.4) 6 13 1.8 (0.7, 5.0) 

Electrical & electronic trades nec. 3 12 0.7 (0.2, 2.6) 5 9 2.4 (0.8, 7.5) 8 21 1.3 (0.6, 3.0) 

Welding, steel erecting & f ixing 1 4 0.6 (0.1, 5.2) 4 6 2.7 (0.7,9.9) 5 10 1.7 (0.6, 5.2) 

Metal working process operatives 0 4 - 0 12 - 0 16 -

Assemblers & routine process operatives 6 10 1.6 (0.6, 4.9) 3 15 0.9 (0.2, 3.1) 9 25 1.2 (0.6, 2.7) 

Plant & machine operatives nec. 6 7 2.5 (0.8, 8.0) 3 13 1.0 (0.3, 3.5) 9 20 1.6 (0.7, 3.6) 

All medium r isk industr ial jobs 31 56 1.5 (0.8, 2.6) 38 124 1.3 (0.8, 2.0) 69 180 1.4 (1.0, 1.9) 

Low r isk industr ial 

Motor mechanic 4 1 10.8 (1.1, 101.2) 3 11 7 12 2.2 (0.9, 5.9) 
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ÅTransmission Electron 
Microscopy done on 
postmortem lung specimens of 
proven mesothelioma and lung 
cancer patients 

ÅMesothelioma 133 cases
ÅLung cancer 262 cases
ÅP= 0.02

Gilham C, et al. OccupEnviron Med 2016;73:290ï299 



LONG LATENCY BETWEEN EXPOSURE 
AND MPM
EARLIER THE AGE OF EXPOSURE , 
HIGHER THE RISK
RISK DECREASES AFTER 30 YEARS SINCE 
LAST EXPOSURE 

Lacourtet al. EurRespir J 2012; 39: 1304ï1312 



Å HIGHER ASBESTOS LUNG 
BURDEN FOR 
MESOTHELIOMA THAN 
LUNG CANCER

Å AMOSITE AND CROCIDOLITE 
CONTRIBUTE TO MAJORITY 
OF MPM

Gilham C, et al. OccupEnviron Med 2016;73:290ï299 



A. Paraoccupationalexposure
B. Environmental exposure from industrial 

operations. 
C. Exposure to commercial asbestos-containing 

products. 
D. Naturally occurring asbestos (NOA) 

Noonan et al. Ann TranslMed 2017;5(11):234 



Å The presence of pleural 
plaques per se is not 
associated with an increased 
risk of pleural mesothelioma. 

Å However, pleural plaques 
reflect asbestos exposure, 
which is associated with 
pleural mesothelioma

Ameille et al. Revue des Maladies Respiratoires(2011) 28, e11ðe17 

AUTHOR4 POPULATION PLEURAL 
PLAQUES OR 
THICKENING

INDICATOR OF 
MESOTHELIOMA RISK

Hillerdalet al General Yes , n= 1596 RR= 11.25

Karjalainenet 
al

Occupational 
diseases registry

Yes, n=4887 RSI=5.5

Sanden and 
Jarvholm

Shipyard workers Yes, n= 835
No, n= 1852

4 cases ( 0.5%)
7 cases ( 0.7%)

Koskinen et al Construction 
workers

Yes, n=6563
No, n=10132

RR=0.93
RSI= 1.19

Reid et al Crocidolite miners 
and non- miner 
residents of same 
town

ADJUSTED RR 1.12

RSI-STANDARDIZED INCIDENCE RATIO
RR- RELATIVE RISK



ÅStill not banned in India

ÅWorld Health Organization (WHO) -In 2014,  non-communicable 
diseases in India accounted for 60% of total deaths. Within this 60%, 
asbestosis and mesothelioma comprised 13% of the total deaths in 
India 

ÅIn 2015, in an order of the National Green Tribunal, the legal counsel 
ǊŜǇǊŜǎŜƴǘƛƴƎ ǘƘŜ LƴŘƛŀƴ .ǳǊŜŀǳ ƻŦ aƛƴŜǎ ǎǘŀǘŜŘ άǘƘŀǘ ǘƘŜǊŜ ƛǎ ƴƻ 
asbestos mining presently operational anywhere in the country and 
the operations of the mines of associated minerals with asbestos has 
ŀƭǎƻ ōŜŜƴ ƘŀƭǘŜŘ έ 

The Occupational and Environmental Health Network of India 

(OEHNI), April 28, 2017 



The Occupational and Environmental Health Network of India 

(OEHNI), April 28, 2017 



MINERAL SOURCE EVIDENCE

ERIONITE VOLCANIC REGIONS PROVEN IN MANY HUMAN STUDIES

FLUORO- EDENITE BUILDING MATERIAL FOR ROADS 
AND RESIDENTIAL CONSTRUCTION

ANIMAL STUDIES

BALANGEROITE INTERGROWN WITH CHRYSOLITECONTROVERSIAL HUMAN CASE 
REPORTS

CARBON NANOTUBES GRAPHENE CYLINDERS ANIMAL STUDIES

Attanooset al. Arch PatholLab Med. 2018 Jun;142(6):753-760



1. Therapeutic irradiation for tumors-Hodgkin and non- Hodgkin 
lymphoma, germ cell neoplasms, Wilms tumor of the kidney, and 
breast cancer 

2. wŀŘƛƻŀŎǘƛǾŜ ǘƘƻǊƛǳƳ ŘƛƻȄƛŘŜ ŎƻƴǘǊŀǎǘ ƳŜŘƛǳƳ ΨΨThorotrastΩ 

3. Atomic energy/nuclear industry workers 

4. Radiation technologists exposed to external gamma-ray emission 
and internal radionuclides 

Attanooset al. Arch PatholLab Med. 2018 Jun;142(6):753-760



ÅAfter therapeutic plombage post tuberculosis and in individuals with 
long- standing chronic empyema 

Attanooset al. Arch PatholLab Med. 2018 Jun;142(6):753-760



ÅSV40 is a DNA polyomavirus that commonly infects Asian macaque 
monkeys

ÅHuman exposure to SV40 is believed to have largely occurred after 
administration of contaminated live and attenuated poliovirus vaccines, 
prepared from infected monkey kidney tissue culture cell lines

ÅViral genome encodes several oncogenic proteins, most notably large T-
antigen (Tag), which inactivate the tumor suppressor activity of p53 and p-
retinoblastoma family proteins 

ÅDetection rates of SV40 in human mesothelioma show considerable 
variability 

ÅThe role of SV40 as an etiologic agent in human mesotheliomas is 
unconvincing 

Attanooset al. Arch PatholLab Med. 2018 Jun;142(6):753-760



ÅBAP-1 (BRCA1-associated proteinς1) 

ÅNuclear localizing deubiquitinating 
hydrolase enzyme 

ÅLocated on chromosome 3p

ÅTumour suppressor gene 

ÅYounger age at diagnosis (56.3 versus 72 
years)

ÅLower M:F ratio (0.73:1 versus 4:1

ÅHigher percentage of peritoneal MM (50 
versus 14.2%)

Å7 fold better survival

Baumann et al.  Carcinogenesis. 2015 Jan;36(1):76-81

Attanooset al. Arch PatholLab Med. 2018 Jun;142(6):753-760



Taioli et al.  Ann ThoracSurg2014;98:1020ï5 

Å PREVALENCE MORE IN MALES
Å ALSO SURVIVAL LESS IN MALES
NOTE : UNTREATED CASES
SURVIVAL M=F 



WoolhouseI, et al. Thorax 2018;73:i1ïi30 

Right side predominance 1.6 : 1
Clubbing less common



T STAGEPRIMARY TUMOUR

TX tǊƛƳŀǊȅ ƭŜǎƛƻƴ ŎƻǳƭŘƴΩǘ ōŜ ŀǎǎŜǎǎŜŘ

T0 No evidence of primary tumor

T1 Limited to the ipsilateral parietal pleura +
Visceral pleura/mediastinal pleura/diaphragmatic pleura

T2 Ipsilateral pleura + 
1. Diaphragmatic muscle (or)
2. Underlying lung parenchyma

T3 Locally advanced but potentially resectabletumor
Ipsilateral pleura + 
1. Endothoracic fascia or
2. Mediastinal fat or
3. Solitary resectablechest wall involvement or
4. Non-transmural pericardial involvement

T4 Locally advanced technically unresectable tumor
Ipsilateral pleura +
1. Diffuse/multifocal chest wall involvement + rib destruction or
2. Direct transdiaphragmaticextension into peritonium or
3. Direct extension to contralateral pleura/mediastinal organs/spine/internal surface of 

pericardium/myocardium WoolhouseI, et al. Thorax 2018;73:i1ïi30 



N STAGE REGIONAL LYMPH NODES 

NX Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastases 

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

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

M STAGE DISTANT METASTASIS

M0 No metastasis

M1 Metastasis 

T N M

IA T1 N0 M0

IB T2-T3 N0 M0

II T1-T2 N1 M0

IIIA T3 N1 M0

IIIB T1-T3
T4

N2
Any N

M0

IV Any T Any N M1

WoolhouseI, et al. Thorax 2018;73:i1ïi30 



WoolhouseI, et al. Thorax 2018;73:i1ïi30 



WoolhouseI, et al. Thorax 2018;73:i1ïi30 





WoolhouseI, et al. Thorax 2018;73:i1ïi30 
Overall reported diagnostic accuracy of CT in the 

detection of pleural malignancy is 68%ï97%, with 

specificity of 78%ï89%. 



WoolhouseI, et al. Thorax 2018;73:i1ïi30 



Treglia G et al. AcadRadiol. 2014 Jan;21(1):11-20



AUC for SUV max 0.983

Å40 patients with undiagnosed pleural effusion 
underwent PET/CT followed by tissue diagnosis 

ÅMean SUVmax6.5 +3.4 vs  0.8 + 0.6 ( p < 
0.001) for MPM  vs Benign pleural disease

ÅAt a SUV > 2.2
Sensitivity  94.1 %
Specificity. 100 %
PPV 100 %
NPV            93.3 %

Yildirim et al. J ThoracOncol. 2009;4: 1480ï1484



Marker Sensitivity Specificity

Calretinin 89-100 61-95

CK 5/6 89-100 58-97

CAM 5.2 97-100 0-1.5

EMA 74.5-90 7-87

WT 1 72-91 88-100

Vimentin 60-85 64-98

Desmin 45-90 85-100

p53 45-95 47-100

GLUT 1 58-100 100

D-240 72.5 93.5

WoolhouseI, et al. Thorax 2018;73:i1ïi30 



Several biomarkers studied

1. Osteopontin

2. Fibulin 3

3. Megakaryocyte potentiating factor

4. Hyaluronic acid 

5. VEGF

6. SMRP ( Soluble Mesothelin Related Peptide ) ς
ÅMost extensively studied
ÅOnly FDA approved biomarker for mesothelioma and marketed as MESOMARK®
ÅMonitoring of patients diagnosed with epithelioid or biphasic mesothelioma  

Arnold DT et al. Ann Clin Biochem. 2018 Jan;55(1):49-58

WoolhouseI, et al. Thorax. 2018;73:i1ïi30 



BIOMARKER SPECIMEN POOLED SENSITIVITY POOLED SPECIFICITY

SMRP PLASMA 60  (95% CI 56 to 64) 81 (95% CI 78 to 83) 

PLEURAL FLUID 75 (95% CI 69 to 80) 76 (95% CI 71 to 82) 

OSTEOPONTIN SERUM+PLASMA 65  (95% CI 60 to 70) 81 (95% 78 to 85) 

SERUM+PLASMA 57  (95% CI 52 to 61) 81 (95% 79 to 84) 

FIBULIN ς3 SERUM + PLASMA 62 ( 95% CI 0.45-0.77) 82 (95% CI 0.73-0.89)

Ahmadzadaet al. J ThoracDis 2018;10(Suppl9):S1003-S1007 

Pei et al. Oncotarget. 2017 Feb 21; 8(8): 13030ï13038

WoolhouseI, et al. Thorax 2018;73:i1ïi30 



ÅNone has be validated for screening purposes in view of low 
sensitivity

ÅSMRP can be used to monitor response to therapy especially 
epitheloidand biphasic subtypes

ÅFibulin -3 levels and pleural fluid HA levels at baseline inversely 
correlate with prognosis and outcome

ÅSMRP can be used in special circumstances with high pre-test 
probability to diagnose when tissue diagnosis is not possible

( egElderly male with history of Asbestos exposure and 
typical symptoms and CT findings )

NCCN guidelines 2018

WoolhouseI, et al. Thorax 2018;73:i1ïi30 



PARAMETERASCO ( 2018 ) BTS ( 2018) NCCN ( 2018 )

Screening No mention No mention Not recommended ( No 
benefit)

Diagnosis Cytology - for screening 
Biopsy - for confirmation ( Gold standard)

Same Same 

Method Surgical ( thoracoscopic or open ) 
preferred > CT guided core biopsy

No mention No mention

IHC Mandatorywith positive and negative 
markers ( number not specified)
NEGATIVE MARKERS :
CEA, EPCAM, Claudin 4, TTF-1 

Mandatorywith atleast2 
positive and 2 negative 
markers

Mandatory

Cell Block Not stressed upon same No mention

Benign vs 
Malignant

Loss of BAP-1 found by IHC and 
homozygous deletion of p16
FISH recommended

No mention No mention

WoolhouseI, et al. Thorax 2018;73:i1ïi30 



PARAMETER ASCO (2018) BTS ( 2018) NCCN ( 2018)

Subtype 
classification

Epitheloidvs Sarcomatoidvs biphasic 
ςShould be done

Same Same

Biomarkers Not recommended ςlow sensitivity 
and specificity in predicting response 
to therapy and prognosis

Not routinely used but 
in cases where tissue 
diagnosis is difficult 

SMRP ( Soluble 
mesothelin related 
peptide) - optional

Initial Staging CECT chest with upper abdomen same Same

MRI Not recommended routinely but 
useful for T stage evaluation

Same Same 

PET CT Recommended for staging to look for 
metastases in surgical candidates
PET CT- Not to be used after TALC 
pleurodesis ( false positive)

Same Same 

Additional 
procedures

Positive imaging w/u for staging to be 
confirmed by 
EBUS/EUS/Thoracoscopy/laparoscopy

No mention EBUS-FNA and 
mediastinoscopy 
recommended before 
surgery 

WoolhouseI, et al. Thorax 2018;73:i1ïi30 



ÅSurgery

ÅChemotherapy

ÅRadiotherapy

ÅPalliation

ÅObservation



MPM

N= 945

THORACOTOMY N= 558

RESECTION N=384

EPP N=208

P/D N= 176

THORACOTOMY AND NO 
RESECTION 

N= 174

NO SURGERY

N= 387 NO RESECTION

MULTIMODALITY THERAPY (N=207)

RT  N= 130

CT N= 35

CT + RT 42

RESECTION ALONE ( N= 177)

32.9 MONTHS

17.0 MONTHS

25.6 MONTHS

23.2 MONTHS

17.8 MONTHS

17.1 MONTHS
16.8 MONTHS

MEDIAN SURVIVAL

M. Utley et al.  European Journal of Cardio-thoracic Surgery 38 (2010) 241ð244 

Memorial Sloan-Kettering Cancer 
Centre (MSKCC) 



άaŀŎǊƻǎŎƻǇƛŎ ŎƻƳǇƭŜǘŜ wŜǎŜŎǘƛƻƴ ( MCR )-
removal of ALL visible or palpable tumorsέ 

ASCO 2018

NCCN 2018



1. Partial pleurectomy(PP): partial removal of parietal and/ or visceral 
pleura for diagnostic or palliative purposes but leaving gross tumour 
behind 

2. Pleurectomy/Decortication (PD): Resection of parietal + visceral 
pleura

3. Extended Pleurectomy/Decortication (EPD): Resection of parietal 
pleura + visceral pleura + diaphragm + pericardium

4. Extrapleuralpneumonectomy (EPP): Resection of the parietal 
pleura + visceral pleura + lung + diaphragm + pericardium

2, 3 and 4 - MCR surgeries

1- PALLIATIVE PROCEDURE

1, 2 and 3 ςLUNG SPARING SURGERIES



TRIAL MesoVATSTRIAL

STUDY OPEN LABEL RCT

PERIOD Oct 24, 2003, - Jan 24, 2012 

SUBJECTS N= 175 , confirmed mesothelioma cases

METHOD 1: 1 randomization to either VATS PP vs TALC pleurodesis ( VATS / ICTD)

OUTCOME Overall survival at 1 year : 52% (95% CI 41ς62) vs  57% (46ς66)  ( p = 0.81)

Surgical complications      : 24 (31%) of 78 patients vs 10 (14%) of 73 patients ( p = 0.019)

Median hospital stay         : 7 days vs 3 days ( p < 0.0001)

Total Cost                             : 14252 Euros vs 10 436 Euros  

VERDICT VATS ςNOT AN MCR

PARTIAL PLEURECTOMY NOT RECOMMENDED Rintoulet al. Lancet 2014;384:1118ï27. 



N=50, post platinum based chemo status
Randomised1:1 to EPP vs No EPP
HR 2.75
Median survival 14.4 vs 19.5 months
Adverse events   10 vs 2

NOT RECOMMENDED AS A 
FIRST CHOICE 
THERAPEUTIC OPTION

Treasure et al. Lancet Oncol 2011;12:763ï72. 

BUT, HERE EPP 
COMPARED 
WITH 
CHEMOTHERAPY 
ALONE



METANALYSIS
19 STUDIES ( JAN 1990 TO JAN 2014)
SHORT TERM MORTALITY MORE WITH EPP

17 STUDIES
2 YEAR SURVIVAL POST EPP VS P/D
SIMILAR 

Taioli et al. Ann ThoracSurg2015;99:472ï81 

MOST OF THE STUDIES HETEROGENOUS 



AUTHOR 
(YEAR)

TOTAL 
PATIENTS

(EPP/PD) EPP/PD-
MORBIDITY

EPP/PD 
MORTALITY

MEDIAN 
SURVIVAL ( 
months)

Flores ( 2008) 663 385/278 10/6.4 7/4 12/16 ( p < 
0.001)

Burt ( 2014) 225 95/130 Higher in EPP10.5/3.1 NOT STATED

Batirel( 2016) 130 42/66 20/5 7/2 18.3/14.6

Sharkey ( 
2016)

362 133/229 Higher in EPP6/3.5 12.9/12.3

× Early and late reoperation, bleeding, bronchopleural fistula, ARDS, Sepsis, atrial 
arrhythmias, right heart failure and ileus were significantly higher in EPP patients, 

× Prolonged air leak was higher in P/D patients 

Batirelet al. Ann Trans Med. 2017 Jun; 5(11): 232.

SIMILAR LONGTERM OUTCOME WITH HIGHER SHORT TERM MORBIDITY AND MORTALITY WITH EPP



0.05  0.2   1      5    20
Favours FavoursEPP   
Extended 
P/D

0.05      0.2    1      5
Favours EPP
Extended P/D   

Cao et al. Lung Cancer 2014;83:240ï5. 

Å EPP NOT BETTER THAN EPD
Å RATHER HARMFUL 



Lim et al: the MARS 2 study. Lung Cancer 2016;91((Suppl1: S71)):S71. 

MARS 2 STUDY
Post 2 cycles chemotherapy ( If no progression)
Randomisedto EPD vs No surgery
Results awaited



GUIDELINES ASCO ( 2018) BTS ( 2018) NCCN ( 2018)

Surgery ( Maximum 
surgical 
cytoreduction)-
Indications

Recommended in Epitheloid/biphasic + early 
stage ( no N3 disease / metastases ) +  PS < 1 + 
no comorbidities
( N3 disease - C/L hilar or C/L mediastinal or 
I/L or C/L Supraclavicular LN)  
However Neoadjuvant chemo f/b surgery ς
option

Surgery not 
recommended 
usually
Only in trials

Recommended in stage ( I to III) 
+ epitheloidsubtype + PS < 2

Adjuvant or 
neoadjuvant chemo 
+ radiotherapy

Required No mention Required 

Type of surgery Lung sparing ( P/D and Extended P/D) > EPP Both P/D and 
EPP not 
recommended

PD > EPP

Palliative therapies-
Indications

PS > 2 or Symptomatic pleural effusion or 
ǎǳǊƎŜǊȅ ŎƻǳƭŘƴΩǘ ōŜ ǇŜǊŦƻǊƳŜŘ
Non thoracoscopic TALC pleurodesis and VATS 
pleurodesis preferred over VATS partial 
pleurectomy

No mention





Å N= 456
Å KPS > 70
Å Multi centreRCT
Å Intervention arm :
Å Pemetrexed 500 mg/m2 + 

Cisplatin 75 mg/m2( 3 weekly)
Å +Inj Vit B12 1000 once every 9 

weeks i.m + Oral folate 350 to 
1000 micro OD+ Dexa

Å Control Arm : Cisplatin 65mg/m2

3 weekly + Vit B12 + folate + 
Dexa

ALL PATIENTS VITAMIN B12 + FOLATE SUPPLEMENTED PATIENTS

Vogelzanget al .J Clin Oncol 2003;21:2636ï44. 



PEMETREXED + CISPLATIN 
+ DEXA + VIT B12 + FOLATE 
APPROVED AS 1STLINE THERAPY

Vogelzanget al .J Clin Oncol 2003;21:2636ï44. 



AUTHOR YEAR TREATMENT 
ARM

OS ( MONTHS) P VALUE

Van Meerbeeck
et al

2005 R/C vs C 11.4 vs 8.8 0.048

Santoro et al 2008 P/CAR vs P/C 1 year survival 64 % vs 63.1%
TTP.     - 6.9 vs 7.0

-

Zalcmanet al( 
MAPS TRIAL)

2015 P/C/B vs P/C 18.8 vs 16.1 0.017

R- RALTITREXED ( THYMIDYLATE SYNTHASE INHIBITOR)
B- BEVACIZUMAB
P- PEMETREXED
C- CISPLATIN
CAR- CARBOPLATIN
TTP- TIME TO PROGRESSION WoolhouseI, et al. Thorax 2018;73:i1ïi30 

1. P/CAR
2. R/C 
3. P/C/B 
ALTERNATE 1STLINE CHEMOTHERAPY REGIMENS



DRUG REGIMEN AUTHOR NUMBER OF 
SUBJECTS

PFS OS TOXICITY

Raltitrexed + oxaliplatin Faziziet al 70 6.2 10.1 NA

Raltitrexed + oxaliplatin Porta et al 14 2 3.5 CNS
GI
Hemotoxocity

Vinorelbine Stebbinget al. 63 NA 9.6 CNS, GI, 
Hemotoxicity

Gemcitabine + docetaxel Tourkantoniset al 37 7 16.2 Same

Pemetrexed + BSC vs BSC Jassem et al 243 3.6 8.4 Hemotoxicity, 
GI, Respiratory

Pemetrexed vs pemetrexed 
+ carboplatin

Sorensen et al 39 6.1 NA NA

Pemetrexed Taylor et al 493 4.9 9.5 Hemotoxicity

Pemetrexed vs pemetrexed 
+ cisplatin

Janneet al 187 Na NA
W.A. Buikhuisenet al.  Lung Cancer 89 (2015) 223ï231 



ÅAnti angiogenic factors 

ÅImmune check point inhibitors 

ÅEGFR Inhibitors ( TKIs and antibodies )

ÅOther targeted therapies

ÅImmune therapy targeting mesothelin

ÅVaccine and Novel therapies

NONE FDA APPROVED
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grade 3ï4 drug-related adverse events were more frequent 

in the combination group than in the nivolumab group 

(26Ŀ2% vs 12Ŀ7%), and three treatment-related deaths 

were reported by local investigators in the nivolumab plus 

ipilimumab group.54,55 Based on data from an ancillary 

study on the available samples from the MAPS2 trial, 

taken from 99 of 125 patients, positive PD-L1 tumour 

expression (with a cutoff of 1%) was associated with 

objective response in both treatment groups, whereas 

high PD-L1 tumour expression (Ó25% of tumour cells) 

was associated with objective response or disease control 

in both groups. Conversely, positive PD-L1 tumour 

expression (Ó1%) tended to result in a longer overall 

survival only in the nivolumab group.55 This trial55 thus 

conýrms the results from the other smaller anti-PD-1 

trials showing that anti-PD1 or anti-PD-L1 antibodies have 

activity in patients with malignant pleural mesothelioma 

who have relapsed, and suggests that a comparative 

randomised trial design is needed to determine whether 

the combination is better than single-agent PD-1 

inhibitors. As well as the decision of the US FDA to give 

an orphan drug status to nivolumab or nivolumab plus 

ipilimumab in this setting, results of the MAPS-2 trial 

also support a NCCN panel decision to recommend either 

one of these two regimens as options for second-line or 

third-line therapy in relapsed patients with malignant 

pleural mesothelioma.

Similar to some patients with melanoma and non-small-

cell lung cancer, there might be a subgroup of patients 

with malignant pleural mesothelioma who can beneýt 

from checkpoint inhibitors. However, as with other 

diseases, how to predict which patients are most likely to 

respond to this treatment remains unclear. Characteristics, 

such as a patientôs clinical characteristics (eg, histological 

subtype, chemosensitivity, performance status) and 

biomarkers (eg, tumour PD-L1 immuno-histochemistry 

status, degree of CD8 T-cell inýltration, genomic 

signatures,65 expression of multiple checkpoint inhibitors, 

speciýc mutations), will need to be prospectively studied 

to help this decision.66,67 Similar to MAPS-2, new data have 

emerged that suggest that immune checkpoint inhibitor 

efficacy might be greatest in individuals who have a high 

expression of PD-L1 (>50% positive tumour cells 

[PD-L1hi>50%]. In an Australian cohort,68 50% of patients 

with PD-L1hi>50% had an objective response with PD-L1 

thearpy versus 22% in patients with PD-L1low<5%. A similar 

trend was observed in a US cohort.69 The complex interplay 

of tumour-inýltrating lymphocytes and immune 

Figure: Anti-tumour immune response and the potential targets of main immunotherapies in malignant pleural mesothelioma

Adapted with permission from Chen et al.64 CARs=chimeric antigen receptors. CTLA-4=cytotoxic T lymphocyte associated protein-4. ICI=immune checkpoint 

inhibitors. PD-1=programmed cell death-1. PD-L1=programmed death ligand-1. TILs=tumour-inýltrating lymphocytes.
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Scherpereelet al. Lancet Oncol 2018; 19: e161ï72 
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MAPS TRIAL

LUME MESO TRIAL




