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Pleural mesothelioma  is a rare cancer <0.3% of all cancers (Francim Registry Network)

1) Mesothelioma is an heterogeneous cancer a great mimickers of other malignancies that metastazise to the pleura

2) The separation between benign lesions and malignant pleural mesothelioma is morphologically challenging

Mis- or under diagnosis of MPM still a problem today



Clinically
1° Diffuse Intrapulmonary Malignant Mesothelioma Masquerading as Interstitial Lung Disease A Distinctive Variant of Mesothelioma

2° Intraparenchymal growth with lepidic carcinoma like pattern…. Nind et al, Histopathology 2003 vol 42 issue 2.150-55

• 3° Bone marrow metastasis of MPM Ihari et al Intern Med 2018 or Brain metastasis revealing a localized MPM Ertan G, et al. BMJ

Case Rep 2016. doi:10.1136/bcr-2016-21734

4° Malignant mesothelioma mimicking rheumatoid pleurisy. Nanke et al, J Clin Oncol. 2001 Sep 1;19(17):3782-4.

Larsen B et al, Am J Surg Pathol 2013;37:1555–1564
CalretininCK5/6



Small biopsies and unusual location

BeREP4 p40
Calretinin BAP1

Male  83 years old with a pleural tumor on CT scan

� Female 75 yrs, smoker, workers in the mills

� Diminution of general health and loss of weight

� Unilateral pleural effusion

� Went to hospital for thoracoscopy

� CT scan hilar mass 

� Surgical evaluation showed contained pleural effusion  

� Multiples biopsies.

Cagle et al, concurrent mesothelioma and Adenocarcinoma Mod Pathol 1993 



Pathologically the  major causes of misdiagnosis are:
Metastasis

EMM  versus carcinoma metastasis  lung and breast & renal, ovarian

SMM versus Sarcomatoid carcinoma , versus primitive sarcoma of the pleura

Mesothelioma versus other tumors of mesothelial origin

MESOPATH  2018:results of the standardized procedure of certification period 1998-2018  Activity report INCA and French NIH SpF

The major causes of underdiagnosis are:

Benign/reactive lesions versus mesothelioma or question of sampling



By year of incidence
<1998 1998-2007 2008-2017 Total

N % N % N % N %

Mesothelioma 531 61% 5655 76% 7060 83% 13246 79%

Epithélioïd 435 82% 4815 85% 5480 78% 10730 81%

Biphasic 56 11% 459 8% 817 12% 1332 10%

Sarcomatoïd 22 4% 263 5% 547 8% 832 6%

Desmoplastic 13 2% 99 2% 95 1% 207 2%

Mesothelioma in situ 5 1% 19 0% 121 2% 145 1%

Other tumor of mesothelial origin 17 2% 83 1% 143 2% 243 1%

WDPM 16 94% 70 84% 94 66% 180 74%

Adenomatoid tumor 0 0% 0 0% 2 1% 2 1%

SFT 1 6% 8 10% 5 3% 14 6%

Multicystic mesothelioma 0 0% 5 6% 42 29% 47 19%

Dg uncertain-We can’tell 39 6% 506 9% 516 8% 1061 6%

AMH 10 26% 150 30% 138 27% 298 28%

Unclassified tumor 9 23% 294 58% 351 68% 654 62%

Others 20 51% 62 12% 27 5% 109 10%

Excluded for another Dg 218 25% 877 15% 559 6% 1654 10%

Benign 18 8% 257 29% 232 42% 507 31%

Metastasis 179 82% 535 61% 307 55% 1021 62%

Other primitive tumor 21 10% 85 10% 20 4% 126 8%

Excluded for inadequacy 71 8% 275 4% 186 2% 532 3%

TOTAL 876 100% 7396 100% 8464 100% 16736 100%

MESOPATH/MESOBANK  2018:results of the standardized procedure of certification period 1998-2018  Activity report INCA and French NIH SpF

MolecuLar

markers

IHC, FISH, RNAseq



Aide au diagnostic en 2019

� RCP  et les confrontations  des ACPs avec les cliniciens et l’imagerie 

� Immunohistochimie et les nouveaux marqueurs (BAP1, MTAP, PAX8, 

GATA3)

� La biologie moléculaire  en routine dans certains laboratoires spécialisés

FISH: HD CDKN2A(p16), EWSR1, ALK etc.. Daniel Pissaloux

RNASeq: analyse du profil transcriptomique (Franck Tirode

� L’Intelligence Artificielle (Deep Learning)



Mésotheliome malin diffus et localisé

OMS, 2015

Allen et al, Am J Surg Pathol. 2005 Jul;29(7):866-73.

23 cas. 

mean age 63 ans

sex ratio  2:1 (M/F). 

Loc:  21 Pleu/ 2 Per

Hist: 16 MME – 6 BMM- 1 MMS et 

autres

Exérèse chirurgicale:

10/21 en vie de 18 mo à 11 ans

DCD de MM diffuse pour les autres

MESOBANK

N< 10/8800 

Attention au mesotheliome localisé car peut 

beneficier d’une exerese chirurgicale

Marchevesky et al, Hum Pathol 2019

Sixty tumors (83%) were intrathoracic, 

others presented in intraabdominal sites. 

Tumors varied in size from 1.2 to 19 cm. 

Median and mean survivals for 51 cases were 134 and 101 months,

Marchevesky et al, Hum Pathol 2019



WHO 2015 CLASSIFICATION-Classic subtypes



http://whobluebooks.iarc.fr/WHO Booth #403– Exhibition Hall

WHO Classification 2015, European and International multidisciplinary

workshop 
New advances

in the diagnosis, prognosis, treatment

Nicholson A et al , Accepted  JTO



EURACAN/IASLC proposals for updating the histologic classification of pleural mesothelioma 

towards a more multidisciplinary approach,  Nicholson et al, JTO  in press

1) Classification should include: Architectural patterns, Stromal response, Cytologic characteristics for 

prognostication

2) Malignant mesothelioma in situ could be an additional category

3) Favorable/unfavorable category should be routinely recognized and reported

4) Clinically relevant molecular abnormalities BAP1, CDKN2A (p16) HD, PDL-1 should also be incorporated in the 

reports

5) Other molecular data  should be accrued as part of future clinical trials (MET etc..)

6) Resection specimens ( Pleurectomy/decortication and EPP ) should be pathologically staged while small biopsies 

should be clinically staged

7) 3 different areas should be samples if possible

8) Correlation with image –acquisition protocol/imaging terminology are needing standardization for clinical staging 

and research practice

9) Multidisciplinary board should include pathologists to ensure appropriate treatment

10) All histologic subtypes should be considered for chemotherapy

11) Patients with Biphasic and sarcomatoid mesothelioma should not be excluded from first line clinical trials

12) Tumor subtyping should be assessed in relation to response to immunotherapy

13) Systematic screening of all patients for germline mutation is not recommended in the absence of family history of 

BAP1 syndrom



Epithelioid (81%) Biphasic (10%) Sarcomatoid (6%)

Architecture

Papillary

Acinous

Trabecular

Solid

Micropapillary

Cell characteristics

Deciduoid

Clear cell

Microcystic/adenomatoid-like

Signet ring cell

Small cell (<1%)

Rhabdoid

Stromal characteristics

Lymphohistiocytoid (10%)

Myxoid stroma (45%)

So called ‘’in situ’’ MM (1%)

Any combination  of pattern of 

epithelioid and sarcomatoid with at 

least 10% of one component

Morphological characteristics

Transitional 7%

Pleomorphic (20%)

Stromal characteristics

Desmoplastic (2%)

Morphological characteristics

With heterologous elements:2%)

1° rhabdomyosarcomatous, (2%) 

2°osteosarcomatous, 3°chondrosarcomatous

Rare variants MESOPATH cohort selection 10669 cases Pleura 9% Peritoneum 10%

Early lesions

MESOPATH COHORT 1998-2018  selection of 13.246  definitively certified cases of MM



TTF1 8G7G3/1 neg

IHC comparison of epithelioid MM and lung and breast ADC

carcinoma metastasis 2 pos & 2 neg IHC markers specific of organs

Le Stang N et al, Systematic review Archiv Pathol Lab 2019
TTF1 8G7G3/1 pos 

Calretinin neg

Lung meso

Calretinin pos



Pathologists have to complete a score sheet

1° A  biphasic is any combination of EMM or SMM component of at least 10%

Biphasic mesothelioma

Diagnosis were based on the criteria for each types defined in the last 2015 WHO. 

BMM epithelioid predominant BMM BMM sarcomatoid predominant

Galateau Salle et al, JTO 2018



Reproducibility of BMM: % of sarcomatoid component

Thirteen members of the International Mesothelioma Panel reviewed 54 cases of biphasic mesothelioma, completed the survey of 25 questions and rendered 607 interpretations. 

A stricter definition of sarcomatoid component and prognostic value of % 

of sarcomatoid component  is under evaluation

Dacic Mod Pathol, 2019



BAP1 loss on the sarcomatoid component alone was not 

observed. 

Molecular assessment can help in the identification of malignant sarcomatoid component 

p16 homozygous deletion by FISH was present in 74 % of the series 

(n=28/38)

HD p16 EM HD p16 SM

BAP1 loss on EM alone

Biphasic mesothelioma: utility of ancillary technics

Molecular assessment of exuberant stromal component should be

evaluated by p 16 HD



Sarcomatoid mesothelioma versus  Sarcomatoid carcinoma

WHO 2015 9051/3 ICD-O code WHO 2015 8022/3 ICD-O code

Rare usually<10%

Dyspnoea, chest pain, weight loss and loss of performance status, 

Asbestos exposure

Men  96%>women 4%

Older pts>74 yrs

Pleural plaques 79%

Histological asbestosis 27%

Elevated asbestos content in lung tissue 93%

Rare o,3 to 3% of all NSCLC

Heavy smokers 82%, asbestos exposure, chemicals exposure and 

immunosupression

Men in 61%

68 years (range, 32-89 years 

WHO 2015, Klebe S, Roggli V  series of 326 cases

Mod Pathol, 2010; 23:470-479, WHO 2015 & Franks Arch Pathol Lab Med 2010 

134:49-54, Maneenil,  Clin Lung Cancer, May 2018

Marked pleural thickening and encasement of the lung

parenchyma or pleural based mass

Solitary peripheral mass with a predilection for the upper

lobes invading the pleura

Tumor are large 2 to 18 cm large mean 7cm



Table 1

Populations

SC

(n=46)

SMM

(n=892)
Comparison 

test

Gender

Male

Female

36 (78%)

10 (22%)

748 (84%)

144 (13%)

p†=0.43

Age

Median

Range

69 yrs

33-88

75 yrs

40-96

p‡=0.0003

p† : Chi2 test p-value

p‡ : Mann-Whitney test p-value

The study was designed to review the experience at MESOPATH and query the English literature for best available evidence for the 

immunophenotype of SMM and SPC

The differential diagnosis between SM and SC



Sarcomatoid mesothelioma versus  Sarcomatoid Carcinoma
WHO 2015 9051/3 ICD-O code

Proliferation of spindle cells arranged in fascicles or with 

haphazard pattern involving the adipose tissue or lung

parenchyma and may present heterologous elements. 

Wide range of morphologies but in conventional SM

Nuclear atypia varies from minimal to moderate

WHO 2015 8022/3 ICD-O code

Malignant spindle cell proliferation arranged in fascicular or storiform

patterns. 

Differentiated elements are absent 

Nuclei are often hyperchromatic , irregular with nucleoli and granular

chromatin

Inflammation is common



Loss of BAP1 nuclear staining  is rare in SMM  and more prevalent in EMM Righi et al, JTO 2016

Can we use BAP1 immunostaining for the separation between SMM vs SC.No
NO!!!

Carbone et al Oncotarget 2017 

BAP1 staining is low in NSCLC 

Owen et al,  Human Pathology (2017) 60, 82–85 TMA 133 confirmed cases

BAP1 loss (nuclear) 1%

SM

SC



Can we use GATA3 for the separation between SM and SC:  Yes

GATA3

<10%

≥10%

n=20

16 (80%)

4 (20%)

n=136

40 (29%)

96 (71%)

p†<0.0001

Table 2

Immunohistochemical markers

SC

(n=64)

SMM

(n=892)
Comparison test

• GATA binding protein 3 (GATA3) is a transcription factor, 

• GATA3 function is important in the regulation of genes such as MUC1/EMA involved in the luminal differentiation of breast epithelium  

and genes related to T-cell development

• GATA3 cl.L50-823 has been evaluated in surgical pathology as a marker for breast metastatic carcinoma in 80-90% and 

67% of triple neg tumors

Berg & Churg(Am J Surg Pathol 2017;41:1221–1225)

SM

SC

Marchevsky et al, Hum Pathol, 2017 67, 160-168 updated



Can we use P16/CDKN2A HD for the separation of SMM versus SC=NO

P16/CDKN2A promoter hypermethylation was significantly lower in AE pts than in Non AE pts  

while P16/CDKN2A HD was higher in AE pts than in non AE pts p= 0.0062 after adjustment for age and cumulative tobacco consumption



Sarcomatoid

mesotheliomas

Mesotheliomas

Sarcomatoid

carcinoma
Sarcomatoid

carcinoma
Epithelioid  

mesotheliomas

RNASeq clustering Franck Tirode & Daniel Pissaloux



Early lesions are more frequently observed in MESOPATH



Mésothéliome débutant 

(invasion minime)

Hyperplasie  mésotheliale

de signification indéterminée 



Mesothelioma ‘’in situ’’

1°Whitaker D, Henderson DW, Shilkin KB. The concept of mesothelioma in situ: implications for diagnosis and histogenesis. 

Semin Diagn Pathol. 1992;9(2):151-161.

2°Churg A, Hwang H, Tan L, et al. Malignant mesothelioma in situ. Histopathology. 2018. 72(6):1033-1038

3°Churg A, Galateau-Salle F, Roden AC, Attanoos R, von der Thusen JH, Tsao MS, Chang N, De Perrot M, Dacic S. Malignant mesothelioma 

in situ: morphologic features and clinical outcome. Mod Pathol. 2019 Aug 2

10 cases with repeated pleural effusion and with no tumor on imaging

BAP1 clone C4 Santa Cruz

The recommendation of the MDgroup is that MMIS could potentially be added as a 

category in future classification  
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Deux questions à résoudre

1° Peut –on reconnaitre une forme histologique complexe

2° Peut on mieux stratifier les patients à partir d’une lame H&Es

Galateau Salle et al, JTO 2019 



Plateforme de lames numérisées Base clinico biologique

Réseau d’experts

France:20 experts 

International: 25 experts

>40 000 lames numérisées 

archivées sur à partir de la 

platefoorme sur un serveur 

au CLB

Cohorte de + de 23000 patients   

>200 annotations/pts 

systématique

1500 pts/an

Procédure de certification 

diagnostique  standardisée pour 

chaque cas enregistré

Depuis 1998 -2018

GOLD STANDARD

Procédure de validation 

croisée entre les équipes 

internationales

How AI can help the pathologist

Prérequis
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Data
● The MESOPATH / MESOBANK database is an exhaustive repository of French clinical 

data and HES histological samples pertaining to mesothelioma.

● This dataset was randomly divided into a training set (2,300 slides) and an entirely 
separate test set (681 slides). 

● On the training set, a five-fold cross-validation strategy was applied. The model was then 
trained on the entire 2,300 training slides and evaluated on the test set of 681 slides. 

● Moreover, a validation set of 56 H&E WSIs from 56 MM patients from an independent 
dataset was obtained from TCGA in order to test MesoNet robustness.

P.Courtiol OWKIN et al, 



1

Results

● The model is able to stratify patients even within established histological classification

P.Courtiol OWKIN et al,



1

Interpretability

● One can extract the most predictive tiles for the algorithm so they can be analyzed 
by an expert pathologist

● The most predictive tiles associated with low survival (n= 50) were located 
primarily in stromal regions.

P.Courtiol OWKIN et al,



1

Interpretability

● Two independent expert pathologists analyzed the specific histological features 
differentiating predictive and non-predictive tiles for low and high survival tiles, separately.

● Predictive high survival tiles were of lower-grade tumors, less pleomorphic and showed a 
greater inflammatory response

● Low survival tiles were of higher-grade tumors, more pleomorphic, atypical and showing a 
lower inflammatory response 

High pleomorphism, atypia and a lower inflammatory response are consistently 
associated with a lower survival and should be taken into account by pathologists for 
MM diagnosis and staging.

P.Courtiol OWKIN



F>M

Median age : 60 years old
Code ICD0-9052/1 Male 69 yrs old

Asbestos 

exposed

Unilateral

pleural effusion

Disseminated

micronodules

BAP1 loss

Survival 17 

months

Median survival 2-year survival

WDPM 26 months 61%   CI 95% = [30% ; 92%]

Epithelioid 12 months 18%   CI 95% = [14% ; 21%] 

WDPM EMM mimicking WDPM

BAP1 100% retained

HD p16 0% homozygous deletion

Stevers et al, genetically defined by 

mutually exclusive mutations in 

TRAF7 and CDC42. Mod Pathol. 

2019 Jan;32(1):88-99



MESOPATH  prise en charge multidisciplinaire

NETMESO

•Réseau 
Mésothéliome INCA  
mission prise en 
charge clinique des 
patients

•Groupe experts 
MESOPATH + 
Groupe experts 
MESOCLIN

GUM

• Réseau Santé Publique 
France  DNSM

• ex PNSM

• mission VEILLE SANITAIRE

FIVA

MESOBANK

• BCB  INCA

• Mission de recherche 
épidémiologique et de 
recherche translationnelle

MESOPATH

RENAPE

• Réseau Tumeurs péritonéales rares 

INCA  mission prise en charge d 

chirurgicale des patients 

• RENAPE+RENAPATH+MESOPATH 

péritoine

Indemnisation

Panel 

International 

des 

mésothéliomes

Affiliés à 

l’USCAP 

21 EXPERTS

25 experts



> 90% go 

through

the 

procedure

Collegial

clinical

expertise

French standardized procedure of certification 

for each case submitted

using a digitilized platform TELESLIDE-TRIBVN (MESOPATH-Pleura and MESOPAH –Peritoneum) 
ing



Mis and underdiagnosis of MPM is still a problem today need ancillary techniques and 

knowledge of new entities

An awareness of the clinical settings and diverse morphological, cytological features and 

stromal characteristics of  mesothelioma is important to avoid misdiagnosis. 

Immunohistochemistry is still mandatory in the identification of misleading patterns

Molecular markers are crucial tools for the separation of benign versus malignant mesothelial

proliferations and RNAseq for a more accurate classification and avoid misdiagnosis. 



N. Le Stang

Statistician

Elise & Cyril

Daniel Pissaloux

Sandrine Paindavoine

Sylvie Lantuejoul

Annabelle Boj

Elodie Ferrey

Ruth Sequeiros

Francesca Damiola

Clara Farge
Franck Tirode

Leader molecular group

JP  Michot &The lab

Thanks

EURACAN/IASLC proposals for updating the histologic classification of pleural Mesothelioma towards a more multidisciplinary

approach

Nicholson A et al, JTO sept 2019


