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INTRODUCTION

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

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

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

Robinson et al. An€ardiothoracSurg2012;1(4):491496
Rossini et al. Front Oncol. 2018 Apr 3;8:91
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CLASSIFICATION OF PLEURAL TUMOURS- WHO 2015

Mesothelial tumors Lymphoproliferative disorders

b Diffusemalignantmesothelioma | .
1. Prnimary-effusionlymphoma

1. Epithelioid mesothelioma 2. Diffusellarge:®ell lymphoma: associated
2. Sarcomatoidnesothelioma with chroniciinflammation
Desmoplastic mesothelioma Mesenchymal tumors

3. Biphasic mesothelioma

N : . _ Epithelioidhemangieoendothelioma
b Localisedrmalignantmesothelioma

Angiosarcoma

Synovial sarcoma
Solitaryffibrougumor
Malignantssolitary fibrousumor
Desmoidtype fibromatosis
Calcifying fibrousumor
Desmoplasticaqound-celimor

1. Epithelioid mesothelioma
2. Sarcomatoidnesothelioma
3. Biphasic mesothelioma

b Well differentiated-papiliary mesothelion‘g

NowmhwWNE

b Adenomatoidtumor
GalateatSalle et al. Journal of Thoracic Oncology 2015. Vol. 11 No. 2:16®



EPIDEMIOLOGY OF MALIGNANT PLEURAL MESOTHELIOMA
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RISK FACTORS

Asbestos exposure ( occupational and nhoocupational )
Non asbestos minerals

Radiation exposure

Chronic inflammation

Simian virus 40

Genetic susceptibility

Old age

Male gender

Attanooset al. ArchPatholLab Med.2018 Jun;142(6):75360



ASBESTOS

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

AUsed extensively in factories of India
A> 80% cases of mesothelioma attributed to asbestos exposure

ASerpentine group
A Chrysotile ( 95 % of worldwide used asbestos )

AAmphibole group [ess commonly used but higher risk of malignanyies
A Anthophyllite
A Tremolite
A Amosite
A Crocidolite

Robinson et al. Anardiothoracsurg2012;1(4):491496



OCCUPATIONAL SOURCE

All men
Job category and occupation Cases Controls OR (95% Cls)
Non-construction high risk
Metal plate worker 6 5  41(1214.1)
[ Asbestos product manufacturer ] 1 0 -
Caggers & eectrical, energy, boiler
attendants 4 1 15.6(1.7 (142.8)
chker, shipburlding or working on boar Low risk industrial
shi
[ N a\F:y 1(25 13 41(19, 8'82 Motor mechanic 7 12 2.2(0.9,5.9)
All non-construction high risk jobs 29 19 (5.22.8,9.6) Draughtsmen 4 7 17(05,6.1)
Construction Engineers & technologists nec. 13 23 22(11,44)
57 21 105(6.1,18.) Stores & warehousemen 4 24 07(02,19)
Plimber 19 18 4.3(2.2,8.4) Armed forces nec. 0 1 -
Electrician 23 23 39(21,7.2 Drivers & road transport workers 30 63  17(11,28)
Painters & decoralors 17 16 43(21,87) Other industrial not elsewhere classified 46 108 16(10,23)
Plumbers, deciricians & painters& decoralofs 59 57 41(27,62) All low risk industrial jobs 104 238 (16]12,22)

54 73 (2.8019,4.2)

Medium risk industrial
[ Metal working production & mai ntenancJa

fitters 13 19 25(1.2,5.2)
Railway worker 1 6 0.7 (0.1,5.6)
Chemist or industrial scientist 4 11 1.3(0.4,4.2)
Surveyor or inspector 14 39 1.3(0.7,2.6)
Metal machining & instrument makers nec. 6 13 1.8(0.7,5.0)
Electrical & electronic trades nec. 8 21 1.3(0.6, 3.0)
Welding, steel erecting & fixing 5 10 1.7(0.6,5.2)
Metal working process operatives 0 16 -
Assemblers & routine process operatives 9 25 1.2(0.6,2.7)
Plant & machine operatives nec. 9

lant & machine oper: 20 0.7,3.6)
Al medium risk Induirlal joos 60 180 (1401019 Gilham C et alOccupEnviron Med 2016;73:29299



Odds Ratio

INTENSITY OF EXPOSURE

150 - Fitted models

Solid line:

Mesothelioma risk a lung burden

Lung cancer RR =1 +2.55 x lung burden

Dashed line:
100 - Mesothelioma risk a lung burden

. 7’
(lung cancer risk ignored) P 7
e
e
7’
s
7
”
7
1.0 1.5

Asbestos lung burden (mf/gm)

A Transmission Electron
Microscopy done on
postmortem lung specimens
proven mesothelioma and lun

cancer patients
A Mesothelioma 133 cases
A Lung cancer 262 cases
A P=0.02

Gilham C, et alOccupEnviron Med 2016;73:29299



DURATION AND TIME SINCE LAST EXPOSURE

Total duration of exposure yrs Model 1# Model 2°
Times since last exposure yrs’ OR (95% Cl) Age at first exposure yrs® OR (95% CI)
<30 10 15(08-24) 15 11(04-29)
2 20(1.0:39) 2 13(04-13)
0 % 100329
40 23 (1.1-48) 30 06(0.2-20)
50 11.9 07-50) % MEN
>30 10 13(072-24) 15 11(0.3-38)
2 3.1(1.23-16) 2 0.7 (0.2-26)
Kl - 2 03(0.1-12)
40 30 02 (0.0:0.7)
50 3 v 01(0.0:05)

LONG LATENCY BETWEEN EXPOS
AND MPM
EARLIER THE AGE OF EXPOSURE ,

HIGHER THE RISK
RISK DECREASES AFTER 30 YEARJ
LAST EXPOSURE

Lacourtet al.Eur Respir J 2012; 39: 1304312



TYPE OF EXPOSURE

Asbestos lung burden (million fibres per dry gram) Mean asbestos lung burden (million fibres per dry gram)

Meso OR vs

Highest occupational population Other
exposure category 0— 0.025— 0.05— 0.2—§ 0.5—-) >1.0 Total controls* Amosite Crocidolite | amphiboles Chrysotile All asbestos

Non-construction high-risk occupations v

Mesothelioma 5 3 11 7 6 4 36 17.5 0.375 0.094 0.014 0.005 0.487

Lung cancer 15 1 9 1 3 0 29 0.100 0.013 0.003 0.005 0.121
Carpenters

Mesothelioma 1 2 5 3 7 5 23 34.2 0.811 0.021 0.016 0.003 0.852

Lung cancer 3 1 3 2 0 0 9 0.088 0.002 0.005 0.000 0.095
Plumbers, electricians and painter/decorators

Mesothelioma 5 3 10 8 2 2 30 15.9 0.148 0.074 0.004 0.002 0.228

Lung cancer 12 4 5 3 1 1 26 0.095 0.040 0.006 0.001 0.143
Other construction or other reported exposure

Mesothelioma 3 0 2 0 0 1 6 5.1 0.056 0.192 0.000 0.000 0.248

Lung cancer 28 3 13 1 45 0.027 0.004 0.002 0.002 0.036
Medium risk industrial

Mesothelioma 3 0 2 3 0 8 4.1 0.069 0.057 0.010 0.001 0.137

Lung cancer 22 5 7 1 0 1t 36 0.078t 0.015t 0.005 0.001 0.098t
Domestic exposure

Mesothelioma 0 0 2 2 2.1 0.035 0.060 0.000 0.000 0.094

Lung cancer 4 4 0 8 0.009 0.004 0.006 0.001 0.020
Low-risk occupations

Mesothelioma 1 0 1 2 1.0 (ref) 0.015 0.018 0.005 0.000 0.038

Lung cancer 21 4 4 29 0.010 0.003 0.007 0.002 0.021
Total

Mesothelioma 18 8 33 21 15 12 107 0.351 0.073 0.010 0.003 0.438

Lung cancer 105 22 41 8 4 2 182 0.058t 0.012t 0.004 0.002 0.077t

Gilham C, et alOccupEnviron Med 2016,73:29@299



NON OCCUPATIONAL ASBESTOS EXPOSURE

ﬂﬁ

. Paraoccupationag¢xposure
. Environmental exposure from industrial

operations.

. Exposure to commercial asbestosntaining
products.

. Naturally occurring asbestos (NOA)

Noonan et al. AndransiMed 2017;5(11):234
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DOES BENIGN ASBESTOS RELATED PLAQUES CONFER RISK OF MIALIGNANCY?

AUTHOR4 POPULATION PLEURAL INDICATOR OF
PLAQUES OR | MESOTHELIOMA RI
THICKENING
Hillerdalet al General Yes , n= 1596 RR=11.25
Karjalaineret  Occupational Yes, n=4887 RSI=5.5 A The presence of pleural
al diseases registry plagues per se is not
Sandenand  Shipyard workers  Yes, n= 835 4 cases ( 0.5%) associated with an increased
Jarvholm No, n= 1852 7 cases ( 0.7%) A risk of pIeurIaI mtlascl)thelloma.
Koskinen et al Construction Yes, n=6563 RR=0.93 However, pleural plagues
K No. n=10132 RSI= 1.19 reflect asbestos exposure,
WOTKETS 0, N= - which is associated with
Reid et al Crocidolite miners ADJUSTED RR 1.12 pleural mesothelioma

and non miner
residents of same
town

RSISTANDARDIZED INCIDENCE RATIO
RR RELATIVE RISK

Ameille et al. Revue des Maladi®espiratoire$2011) 28, eld el7



ASBESTOS IN INDIA

AStill not banned in India

AWorld Health Organization (WHOh 2014, norcommunicable
diseases In India accounted for 60% of total deaths. Within this 60%,
asbestosis and mesothelioma comprised 13% of the total deaths in
India

Aln 2015, in an order of the National Green Tribunal, the legal counsel
NELINSaSYUAYy3I 0KS LYRAFY . dzZNBI dz
asbestos mining presently operational anywhere in the country and
the operations of the mines of associated minerals with asbestos has
Ffaz2 oSSy KIFfaSR ¢

The Occupational and Environmental Health Network of India
(OEHNI), April 28, 2017
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NOT MINED BUT STILL BEING IMPORTED

L: Asbestos Imports (2004-2014) Figure 2: Indian Asbestos Consumption (tonnes)
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The Occupational and Environmental Health Network of India
(OEHNI), April 28, 2017



MINERALS OTHER THAN ASBESTOS

ERIONITE VOLCANIC REGIONS PROVEN IN MANY HUMAN STUI

L)

FLUORECEDENITE BUILDING MATERIAL FOR ROA ANIMAL STUDIES
AND RESIDENTIAL CONSTRUC

BALANGEROITE INTERGROWN WITH CHRYSOI CONTROVERSIAL HUMAN CASE
REPORTS

CARBON NANOTUB GRAPHENE CYLINDERS ANIMAL STUDIES

Attanooset al. ArchPatholLab Med.2018 Jun;142(6):75360



RADIATION EXPOSURE

EVIDENCE- cASE REPORTS, CASE SERIES, RETROSPECTIVE COHORT STUDIES
SOURCES

1. Therapeutic irradiation forumors-Hodgkin and nohHodgkin
lymphoma, germ cell neoplasms, Wiltasnor of the kidney, and
breast cancer

2. Wk RA2F OGA DS (K2 N dzY ThokoRaBA RS 02\
3. Atomic energy/nuclear industry workers

4. Radiation technologists exposed to external garmayaemission
and internal radionuclides

Attanooset al. ArchPatholLab Med.2018 Jun;142(6):75360



CHRONIC INFLAMMATION

Case reports

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

Attanooset al. ArchPatholLab Med.2018 Jun;142(6):75360



SIMIAN VIRUS 40

ASV40 is a DNA polyomavirus that commonly infects Asian macaque
monkeys

AHuman 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

AViral genome encodes several oncogenic proteins, most notably large T
antigen (Tag), which inactivate tlw@mor suppressor activity of p53 and p
retinoblastoma family proteins

ADetection rates of SV40 in human mesothelioma show considerable
variability

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

Attanooset al. ArchPatholLab Med.2018 Jun;142(6):75360



GENETIC SUSCEPTIBILITY

ABARL (BRCA&ssociated proteigl) _ Kaplan-Meier survival estimate

ANuclear localizing deubiquitinating
hydrolase enzyme

ALocated on chromosome 3p
ATumour suppressor gene

AYounger age at diagnosis (56.3 versus 72 ° |
years()J

ALower M:F ratio (0.73:1 versus 4:1

AHigher Eercentage of peritoneal MM (50
versus 14.2%) l , , , ,
0 5 10 15 20

A 7 fold better survival ahalyels e (ears)

| BAP1 MM — — — — — Control group |

1.00
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Attanooset al. ArchPatholLab Med.2018 Jun;142(6):75360
Baumann et al. Carcinogenesis. 2015 Jan;36(:B176
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Log rank: 216.68; p<0.0001

A PREVALENCE MORE IN MA
A ALSO SURVIVAL LESS IN M
NOTE : UNTREATED CASES

SURVIVAL M=F

Number at risk

110188

22971

N-

4
L Years

3679 1471 Tl 434
1315 761 503 360
----- = male = female

276

Taioli et al. AnnThoracSurg2014,;98:10205



CLINICAL IVIANIFESTATIONS

Symptom No. of cases
Pain 62 69
Non-pleuritic 56
Pleuritic 6
Shortness of breath 53 59
Fever, chills or sweats 30 33
Weakness, fatigue or malaise 30 33
Cough 24 27
Weight loss 22 24
Anorexia 10 11
Sensation of heaviness or fullness in chest 6 7
Hoarseness 3 3
Early satiety 2 2
Myalgias 2 2
Others* 1 each 1

Woolhousd, et al. Thorax2018:73:i1130



TNIM 8 STAGING

T STAGI PRIMARY TUMOUR

X t NAYIINE fSaA2y O2dz RyQi oS |aaSaasSRr
T0 No evidence of primarjumor
T1 Limited to theipsilateral parietal pleurat

Visceral pleura/mediastinal pleura/diaphragmatic pleura

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

T3 Locally advanced but potentiallgsectabletumor
Ipsilateral pleura +
1. Endothoracic fascia or
2. Mediastinal fat or
3. Solitaryresectablechest wall involvement or
4. Non-transmural pericardial involvement

T4 Locally advanced technically unresectable tumor
Ipsilateral pleurat+
1. Diffuse/multifocal chest wall involvement-rib destruction or
2. Directtransdiaphragmaticextension intoperitonium or
3. Direct extension to contralateral pleura/mediastinal organs/spine/internal surface of
pericardium/myocardium Woolhousd, et al Thorax2018;73:i1i30



TNM 8 STAGING

NX Regional lymph nodes cannot be assessed
TN M
NO No regional lymph node metastases 1A T1 NO MO
1B T2T3 NO MO
N1 Metastasis to the ipsilateral bronchopulmonary, hilar, or mediastin =, T1T2 N1 MO

(including the internal mammarperidiaphragmatic pericardial fat

pad, or intercostal) lymph nodes HIA T3 N1 MO

1B T1-T3 N2 MO

N2 Metastases in the contralateral mediastinal, ipsilateral, or T4 Any N
contralateral supraclavicular lymph nodes \Y Any T AnyN M1

M STAGE DISTANT METASTASIS

MO No metastasis
M1 Metastasis

Woolhousd, et al. Thorax 2018:73:1130



TNM 7 VS TNM 8

NO NTN2 N N3 N2
Stage Seventh edition Eighth edition Seventh edition Eighth edition Seventh edition Eighth edition
T (A, B) A Il | V IIB
12 I B Il | V IIB
13 I B Il 1A V IIB
T4 V IIB
M1 V V V V V V

Woolhousd, et al Thorax2018:73:i1130



OVERALL SURVIVAL AS PER TNM 8

100% -1+ _ 24 60
- 5 : Events /N MST Month Month
. - A 2541356 229 46°% 16%
800/ Ay “ 8 694 /906 195 41% 13%
- \\\ i 189/254 1B9 38% 10%
0/ . a
60% LR
— N\ \ 1 9/1 10.1 1 0
40% -
20% -
-4 — T —
0°/o ] | ] | ] | ] | ] | ] |
0 24 48 72
Months

Woolhousd, et al Thorax2018:73:i1130



DIAGNOSIS

1.

®

- o

4.

CT
MRI
PET CT
TISSUE

DIAGNOSIS AND IHC



BENIGN VS MIPM

Morphology Imaging modality Sensitivity (%) Specificity (%)
Pleural thickening > 1 ¢cm q] 35-47 64 - 94

Ultrasound (U9) 42 (95% Cl 26% to 61%) 95 (95% Cl 74% to 99%)
Pleural nodularity T 37-48 86-97

MR 43 86

US 42 (95% C126% to 61 %) 100 (95% C1 82% to 100 %)
Infiltration of the chest wall and/or diaphragm q] 17-29 100

MRI a4 100
Mediastinal pleural involvement 4] 10-74 83-93

MR 11 93
Interlobar fissure nodularity q] 10 [ 100}

Overall reported diagnostic accuracy of CT in the

detection of pleural malignancy is 68%1 97%, with

— . o~ & 2 E e em e~ ¥

Woolhousd, et al Thorax2018:73:i1130



CT vs MRI

Imaging Stage I Stage I

modality Sensitivity (%) Specificity (%) Sensitivity (%) Specificity (%)

(1 100 69.20 100
MRI 87.50 87.50 100

PET-CT 100 100 100 100

Woolhousd, et al Thorax2018:73:i1130



ROLE OF PET CT

4‘—4 Coolen et al [37]
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Treglia G et alAcadRadiol 2014 Jan;21(1):120



Sensitivity

PET CT IN DIAGNOSING MPM

ROC Curve for SUV max

1,00

A 40 patients with undiagnosed pleural effusion
underwent PET/CT followed by tissue diagnosi:

A MeanSUVmax6.5+3.4vs 0.8:0.6(p <
0.001) for MPM vs Benign pleural disease

A Ata SUV > 2.2

Sensitivity 94.1 %

Specificity. 100 %

PPV 100 %

NPV 93.3 %

A5

.50

*
b
Lh

0,00 - = |
0,00 W25 S50 J5 1,00

1 - Specificity

AUC for SUV max 0.983 Yildirim et al.J ThoracOncol.2009;4: 14801484



IMMUNO HISTOCHEMISTRY

[Calretinin 89-100 61-95 ]
[CK 5/6 89-100 58-97 ]
CAM 5.2 97-100 0-1.5

EMA 74.590 7-87
(wT1 7201 88100
[ 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

Woolhousd, et al. Thorax2018:73:i1130



BIOMARKERS

Several biomarkers studied
Osteopontin

Fibulin 3

Megakaryocyte potentiating factor
Hyaluronic acid

VEGF

SMRP ( Soluble Mesothelin Related Pepticle )

A Most extensively studied
A Only FDA approved biomarker for mesothelioma and marketdd ESOMARK®
A Monitoring of patients diagnosed with epithelioid or biphasic mesothelioma

SN oA

Woolhousd, et al Thorax.2018;73:i1130
Arnold DT et al. AnnClin Biochem 2018 Jan;55(1):498



BIOMARKER SPECIMEN POOLED SENSITIVITY | POOLED SPECIFICITY

SMRP PLASMA 60 (95% CI 56 to 64)  81(95% CI 78 to 83)
@ 75(95% ClI @6% Cl 71 to 82)
OSTEOPONTIN SERUM+PLASMA 65 (95% CI60t0 70) 81 (95% 78 to 85)
SERUM-+PLASMA 57 (95% Cl521t0 61) 81 (95% 79 to 84)
FIBULIN 3 SERUM + PLASMA 62 (95% Cl 0.45.77) 82 (95% Cl 0.73.89)

Woolhousd, et al Thorax2018;73:i11130
Pei et alOncotarget2017 Feb 21; 8(8): 130B03038
Ahmadzadaet al.J ThoracDis 2018;106uppl9):S100351007



BIOMARKERS- JUST REMEMBER

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

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

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

ASMRP can be used in special circumstances with higtegtre
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
Woolhousd, et al Thorax2018:73:i1130



GUIDELINES ON DIAGNOSIS

Screening  No mention No mention Not recommended ( Nc
benefit)
Diagnosis Cytology- for screening Same Same
Biopsy- for confirmation ( Gold standard
Method Surgical thoracoscopic or open) No mention No mention
preferred > CT guided core biopsy
IHC Mandatory with positive and negative  Mandatory with atleast2 Mandatory
markers ( number not specified) positive and 2 negative
NEGATIVE MARKERS : markers
CEA, EPCAM, Claudin 4,-TTF
Cell Block  Not stressed upon same No mention
Benign vs Loss of BAR found by IHC and No mention No mention

Malignant homozygous deletion qfl6
FISH recommended

Woolhousd, et al Thorax2018:73:i1130



GUIDELINES ON DIAGNOSIS

Subtype
classification

Biomarkers

Initial Staging
MRI

PET CT

Additional
procedures

Epitheloidvs Sarcomatoidss biphasic Same Same
¢ Should be done

Not recommended; low sensitivity  Not routinely used but SMRP ( Soluble
and specificity in predicting respons in cases where tissue mesothelin related

to therapy and prognosis diagnosis is difficult peptide) - optional
CECT chest with upper abdomen same Same
Not recommended routinely but Same Same

useful for T stage evaluation

Recommended for staging took for Same Same
metastases in surgical candidates

PET GINot to be used after TALC

pleurodesis ( false positive)

Positive imaging w/u for staging to k No mention EBUS-NA and

confirmed by mediastinoscopy

EBUS/EUS/Thoracoscopy/laparosct recommended before
surgery

Woolhousd, et al. Thorax2018:73:11130



THERAPEUTIC OPTIONS

ASurgery
AChemotherapy
ARadiotherapy
APalliation
AObservation



MULTIMODALITY APPROACH

RESECTION N=384 MULTIMODALITY THERAPY (N=207)
EPP N=208 RT N= 130

P/D N= 176 CT N= 35
25.6 MONTHS I

THORACOTOMY N= 558

THORACOTOMY AND
RESECTION

N=174 RESECTION ALONE ( N= 17

17.8 MONTHJ 17.0 MONTHS

NO SURGERY

N= 981 NO RESECTION _ _
Memorial SloarKettering Cancer

A 17.1 MONTH Centre (MSKCC)

MEDIAN SURVIV.

M. Utley et al. European Journal of Cardimracic Surgery 38 (2010) 241244



ROLE OF SURGERY

Gal ONRPaO2LIAO ORGMNCRE SUS v
removal of ALL visible or palpabtamorse

ASCO 2018
NCCN 2018



SURGICAL OPTIONS

1.

Partialpleurectomy(PP): partial removal of parietal and/ or visceral
nleura for diagnostic or palliative purposes but leaving gross tumour

nehind

PleurectomyDecortication (PD). Resection of parietal + visceral
nleura

ExtendedPleurectomyDecortication (EPD): Resection of parietal
pleura + visceral pleura + diaphragipericardium

Extrapleurapneumonectomy (EPP): Resection of the parietal
pleura + visceral pleura + lung + diaphragm + pericardium

2, 3 and 4 MCRsurgeries



ANY ROLE OF VATS — PARTIAL PLEURECTOMY

STUDY

PERIOD

SUBJECTS

METHOD

OUTCOME

VERDICT

OPEN LABEL RCT

Oct 24, 2003; Jan 24, 2012

N= 175, confirmed mesothelioma cases

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

Overall survival at 1 year : 52% (95% Ct6H) vs 57% (46) (p = 0.81)

Surgical complications  : 24 (31%) of 78 patients vs 10 (14%) of 73 patients ( p = 0.01¢
Median hospital stay . 7 days vs 3 days ( p < 0.0001)

Total Cost : 14252 Euros vs 10 436 Euros

VAT NOT AN MCR
PARTIAL PLEURECTOMY NOT RECOMMENDED Rintoul et al.Lancet2014:384:111827.



EXTRAPLEURAL PNEUMONECTOMY - IS IT REALLY INDICATED ?
MARSA"R|AL N=50, post platinum based chemo stat

e Randomised.:1 to EPP vs No EPP
o HR 2.75
i 1 Median survival 14.4 vs 19.5 months
Rt A Adverse events 10 vs 2
Number of events/ O Timifrom randomisation (mon:;) O ° Timée from randomisation (mon::s) ®
at :ifE o o Number of evin‘tsli 0/24 9/15 6/9 4/4
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Numbers with Time Time from randomisation (months) WI T H
CHEMOTHERAR

returned/at risk

EPP 20/3 123 51 1/17 913 8/10 510 5/6 3B
NoEPP 1926 19126 6/26 2025 172 15118 10113 58 304 A L O N E

Treasure et aLancet Oncok011:12:76872.



HOW DOES EPP FARE AGAINST P/D?

Pleurectomy/Decortication
Sy
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METANALYSIS
19 STUDIES ( JAN 1990 TO JAN 2014)
SHORT TERM MORTALITY MORE WITH I

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

Taioli et al. AnnThoracSurg2015;99:47281



EPP VS P/D

AUTHOR TOTAL (EPP/PD) EPP/PD EPP/PD MEDIAN

(YEAR) PATIENTS MORBIDITY | MORTALITY | SURVIVAL (
months)

Flores ( 2008) 663 385/278 10/6.4 714 12/16 (p <
0.001)

Burt (2014) 225 95/130 Higher in EPF 10.5/3.1 NOT STATED

Batirel( 2016) 130 42/66 20/5 712 18.3/14.6

Sharkey ( 362 133/229 Higher in EPF 6/3.5 12.9/12.3

2016)

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

X Prolonged air leak was higher in P/D patients

SIMILAR LONGTERM OUTCOME WITH HIGHER SHORT TERM MORBIDITY AND MORTA

Batirelet al. Ann Trans Med017 Jun; 5(11): 232.



EPP VS EPD

Exended PD  EPP Risk Ratio Risk Ratio EtendedPD  EPP Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M, Random, 5% Gl eH, Random, 35% C Study or Subgroup ~ Events  Total Events Totel Weight M4, Random, 95%C1 MK, Random, 854 C
Efd"“azfégg“ 12 2?2 2‘7‘ 32; 7?3; gg{gg;igj} | 1 aglaisi 5 W 5 D UM puuy T
016 T 6710.35,1. 0 ¥
il 0 % 1 7 W% DM — s 1 hooooh 36'50/° Dasft, 18 -
Nokas 2012 )0 T %NS RpIg — Okada 2008 G N T P S X [ N RA A
Olada 208 D% Y 3% 0PI - Penes 211 DB 0B ompeso
Ples 21 (I 1A Y - R 1 OO O K
Rena 2 (O A T Y S /] 1 -

0 0

Tl 8540 " 080 0 ¢ Total (9% Cl 25 610000 0440030, 063 ‘
Tt lents 15 i Tot vent il 1

0.05 0.2 1 5 20
Favours FavourEPP

Extended
P/D

0.05 0.2 1 5
Favours EPP
Extended P/D

Cao et al. Lung Cancer 2014;83:240i ¢



A feasibility study comparing (extended) pleurectomy
decortication versus no pleurectomy decortication in the
multimodality management of patients with malignant
pleural mesothelioma: the MARS 2 study

E. Lim, on behalf of Mars 2 Investigators. Thoracic Surgery, Royal
Brompton Hospital, London, United Kingdom

Introduction: The aim of the MARS 2 study is to determine if it is fea-
sible to recruit patients with malignant pleural mesothelioma with
disease amenable to surgical resection into a randomised trial of (ex-
tended) pleurectomy decortication (lung sparing surgery) versus no
surgery. The feasibili i i is any ev-
idence ofharm associated with (extended) pleurectomy decortica-
tion.
Methods: Patients with a histological confirmation of mesothelioma
with disease confined to one hemi-thorax are eligible for enrolment.
Patients are ineligible if they are unable to give informed consent or
are unwilling to be randomised or if they have disease that is not
deemed to be surgically resectable, an ECOG status 2 or more, a pre-
dicted pre-operative FEV1 or TLco less than 20%, severe heart failure,
end stage kidney failure, liver failure or are already participating in
another interventional clinical trial. All patients will receive the usual
standard of care chemotherapy. After 2 cycles, participants will be re-
assessed by CT to screen for progressive disease. Patients with no ev-
idence of disease progression beyond the limits of surgical resection
will be randomised to either: A) (Extended) pleurectomy decortica-
tion, or B) No surgery. All patients will then receive the remaining 4
cycles of chemotherapy.

Results: Two lead surgical centres: Leicester and Sheffield are autho-
rised to recruit patients. Approximately 20 medical centres will also
join the study. To date 7 patients have been enrolled and 3 patients
randomised.

Conclusion: The results from the MARS 2 feasibility study will de-
termine if it is possible to recruit patients with malignant pleural
mesothelioma with disease amenable to surgical resection into a ran-
domised trial of (extended) pleurectomy decortication (lung sparing
surgery) versus no surgery. The feasibility study will also assess if
there is any evidence of harm.

ClinicalTrials.gov Identifier: NCT02040272; Funded by Cancer Re-
search UK: CRUK/12/030.

Disclosure: All authors have declared no conflicts of interest.

MARS 2 STUDY

Lim et al: the MARS 2 study.ung Cance016;91(Guppll: S71)):S71



SURGERY GUIDELINES

Surgery ( Maximum Recommended ikpitheloid/biphasic + early Surgery not Recommended in stage (| to Il
surgical stage ( no N3 disease / metastases ) «<P$ recommended +epitheloidsubtype + PS2
cytoreduction) no comorbidities usually

Indications (N3 disease C/L hilar or C/L mediastinal or Only in trials

I/L or C/L Supraclavicular LN)
However Neoadjuvant chemo f/b surgeny

option

Adjuvant or Required No mention Required

neoadjuvant chemo

+radiotherapy

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

Palliative therapies PS>2 or §ymptomatic pIeurgI effusion or i No mention

Indications ddzNHSNE O2dzZ Ry Qil 6S

Non thoracoscopic TALC pleurodesis and V/
pleurodesis preferred over VATS partial
pleurectomy



ROLE OF CHEMOTHERAPY

* 1°T LINE SINGLE AGENT VS COMBINATION REGIMEN
« 2nd LINE THERAPY OPTIONS



1°" LINE CHEMOTHERAPY- EMPHASIS TRIAL

100 - 100 |
A5 ME
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Vogelzanget al J Clin Oncol2003;21:263644.




Full Supplementafion

(=168

Partial Supplementation

n = 5]

+ Never Supplemented

Full Supplementation
+ Parfil Supplementafion
(n=194)

Never Supplemented

(=32

No.ofPatients % No.ofPafients % P NoofPafents %  No.ofPatiens % P
Hematologic Laborory Toxicily SR SR
Hemoglobin 7 42 4 69 479 8 4] 3 94 192
Leukocytes 2 149 15 89 07 29 149 I 34012
Neutrophil 39 332 24 a4 0N 1 263 12 38 205
Plfelef 9 54 4 69 744 10 52 3 04 403
Nonloboratory Toxicily
Nausea 0 1.9 13 04 082 JA 1.9 10 I3 012
Fafigue 17 10. 6 103 .99 18 9.3 § 156 338
Vomiting 18 107 12 207 07N 2 103 10 33003
Diarrhea 6 34 4 69 284 7 34 3 04 154
Dehydration 7 42 2 34999 7 34 2 63 419
Stomatits § 30 4 69 240 § 4] ] 31999
Anorexia 2 12 3 52 108 3 1.3 2 63 148
Febrile neutropenia ] 046 3 52 053 l 05 3 94009
Infecfion with G3 or G4 neutropenia 0 0 J 52 016 l 05 2 63 083
Rash ] 06 1 34 163 3 1.5 0 00 9%

1°" LINE CHEMOTHERAPY- EMPHASIS TRIAL

PEMETREXED + CISPLATIN
+ DEXA + VIT B12 + FOLATE

APPROVED ASILINE THERAHR

Vogelzanget al J Clin Oncol2003;21:263644.



OTHER 1°'" LINE CHEMOTHERAPY DRUGS STUDIED

AUTHOR YEAR TREATMENT OS (MONTHYS) P VALUE
ARM

VanMeerbeeck 2005 R/C vs C 11.4 vs 8.8 0.048
et al

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

Zalcmaret al( 2015 P/C/B vs PIC 18.8 vs 16.1 0.017
MAPS TRIAL)

R RALTITREXED ( THYMIDYLATE SYNTHASE IN
B- BEVACIZUMAB
P- PEMETREXED

1. P/CAR
2. RIC

3. P/IC/B

G CISPLATIN ALTERNATETLINE CHEMOTHERAPY REGI

CARCARBOPLATIN
TTRTIME TO PROGRESSION

Woolhousd, et al Thorax2018:73:11i130



2N° CHEMIOTHERAPY OPTIONS STUDIED

DRUG REGIMEN AUTHOR NUMBER OF | PFS OS TOXICITY
SUBJECTS
70 6.2 10.1 NA

Raltitrexed + oxaliplatin Fazizet al
Raltitrexed + oxaliplatin Porta et al 14 2 3.5 CNS
Gl
Hemotoxocity
Vinorelbine Stebbinget al. 63 NA 9.6 CNS, G,
Hemotoxicity
Gemcitabine + docetaxel  Tourkantonist al 37 7 16.2 Same
Pemetrexed + BSC vs BSC Jassem et al 243 3.6 8.4 Hemotoxicity
Gl, Respiratory
Pemetrexed vs pemetrexed Sorensenetal 39 6.1 NA NA
+ carboplatin
Pemetrexed Taylor et al 493 4.9 9.5 Hemotoxicity
Pemetrexed vs pemetrexed Janneet al 187 Na NA
W.A. Buikhuisenet al. Lung Cancer 89 (2015) 42381

+ cisplatin
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TARGETED THERAPIES BEING STUDIED

AAnti angiogenic factors

Almmune check point inhibitors

AEGFR Inhibitors ( TKIs and antibodies )
AOther targeted therapies

Almmune therapy targeting mesothelin
AVaccine and Novel therapies

NONE FDA APPRO



\' Priming and T-cell Coll therapy
1Q: Anti-CTLA-4 Ab ClLA-4 activationinlymph node <:I
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(Immunogenic)
Cancer cell death Y release of
tumour antigens

Anti-mesothelin drugs
By, amatuximab;
anetumab ravtansing;
Rs207

% Gl therapy

Immune-gene therapy Q TiLs, (AR

Autologous
dendriticcells

Anti-angiogenic (anti- VEGF) drugs

T-cell migration = )GJ |—‘T = ,
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s THERAPIES

By, durvalumab, avelumab

T cellsrecognise cancer cells
inducing cell death

Scherpereekt al. Lancet Oncol 2018; 19: eiG2



(Beherpereekt:al.

Target Developmental phase and trial design Numberof Primary Results or
patients endpoint  trial status

Anti-angiogenic therapies

[ Bevacizumab VEGF Phase 3; bevacizumab plus cis/pemvs cis/pem alone 448 0S Positive

(NCT00651456)°

Thalidomide VEGF; FGF Phase 3; single-arm: thalidomide maintenance 222 PFS Negative

(ISRCTN13632914)* therapy after frontline cis/pem

Axitinib (NCT01211275)* VEGFR Phase 1/2; single-arm: axitinib plus cis/pem 25 PFS Negative

Cediranib (NCT0024307)% VEGFR; PDGFR Phase 2; beyone firstline; single-arm: cediranib 54 ORR Negative
alone

Cediranib (NCT01064648)  VEGFR; PDGFR Phase 2 ; cediranib plus cis/pem vs cis/pem alone 116 PFS Active, not

recrui
/

Nintedanib* VEGFR; PDGFR; FGFR Phase 2; nintedanib plus cis/pem followed by 87 PFS Positive

nintedanib (maintenance) vs placebo plus cis/pem
\_ followed by placebo (maintenance)
Nintedanib (NCT01907100)  VEGFR; PDGFR; FGFR Phase 3; nintedanib plus cis/pem followed by 537 PFS Active, not
nintedanib (maintenance) vs recruiting
placebo plus cis/pem followed by placebo
(maintenance)
Sorafenib (NCT00794859)*  VEGFR2/VEGFR3; PDGFR;  Phase 2; beyond first-line; single-arm: sorafenib 53 6-month Negative
RAF; c-KIT alone PFS

Sorafenib (NCT00107432) VEGFR2/VEGFR3; PDGFR;  Phase 2; beyond first-line; single-arm: sorafenib 51 PFS Negative
RAF; c-KIT alone

Sorafenib (NCT00703638) VEGFR2/VEGFR3; PDGFR;  Phase 1; sorafenib plus cis/pem 16 ORR Negative
RAF; c-KIT

Imatinib mesylate BCR-ABL; c-KIT; RAF; Phase 1; imatinib plus cis/pem 17 Safety ORR  Negative

(NCT00402766) PDGFR

Imatinib mesylate BCR-ABL; c-KIT; RAF; Phase 2; single-arm: imatinib plus gemcitabin in 22 PFS Active, not

(NCT02303899) PDGFR pemetrexed-pretreated patients recruiting

ANTI
ANGIOGENIC
FACTORS — ROLE
AS ADD ON IN 1°7

LINE?

ancet Oncol 2018:; 19: ei@P







