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Elements in black text are CORE	Elements in grey text are NON-CORE        	      o indicates single select values            □ indicates multi-select values  	      

	Definition of Core elements

	CORE elements are those which are essential for the clinical management, staging or prognosis of the cancer. These elements will either have evidentiary support at Level III-2 or above (based on prognostic factors in the National Health and Medical Research Council (NHMRC) levels of evidence1). In rare circumstances, where level III-2 evidence is not available an element may be made a CORE element where there is unanimous agreement by the Dataset Authoring Committee (DAC). An appropriate staging system e.g., Pathological TNM staging would normally be included as a CORE element. 

Non-morphological testing e.g., molecular or immunohistochemical testing is a growing feature of cancer reporting. However, in many parts of the world this type of testing is limited by the available resources. In order to encourage the global adoption of ancillary tests for patient benefit, International Collaboration on Cancer Reporting (ICCR) includes the most relevant ancillary testing in ICCR Datasets as CORE elements, especially when they are necessary for the diagnosis. Where the technical capability does not yet exist, laboratories may consider temporarily using these data elements as NON-CORE items.

The summation of all CORE elements is considered to be the minimum reporting standard for a specific cancer.

Reference
1	Merlin T, Weston A and Tooher R (2009). Extending an evidence hierarchy to include topics other than treatment: revising the Australian 'levels of evidence'. BMC Med Res Methodol 9:34.

	Definition of Non-core elements
	NON-CORE elements are those which are unanimously agreed should be included in the dataset but are not supported by level III-2 evidence. These elements may be clinically important and recommended as good practice but are not yet validated or regularly used in patient management.

Key information other than that which is essential for clinical management, staging or prognosis of the cancer such as macroscopic observations and interpretation, which are fundamental to the histological diagnosis and conclusion e.g., macroscopic tumour details, may be included as either CORE or NON-CORE elements by consensus of the DAC.       

	Scope of this dataset
	This dataset has been developed for biopsy and resection specimens of mesothelioma in the pleura, pericardium and peritoneum.

[bookmark: _Hlk58941666]The third edition includes changes to align the dataset with the 2021 World Health Organization (WHO) Classification of Thoracic Tumours, 5th edition.1 

Reference
1	WHO Classification of Tumours Editorial Board (2021). Thoracic Tumours, 5th Edition, Volume 5. IARC Press, Lyon.



	Core/ 
Non-core
	Element name
	Values
	Commentary
	Implementation notes

	Non-core
	CLINICAL INFORMATION
	· Information not provided
· Radiological appearance, specify
· History of previous cancer/BAP1 predisposition, specify
· History of recurrent pleural effusion, specify
· Other clinical information, specify
	Clinical information is essential to proper processing and evaluation of pathological specimens as it can influence pre-test probability of a particular diagnosis. This allows the pathology laboratory to accurately triage processing, including extent of sampling. It also informs the pathologist as to decisions ultimately influencing the number of slides to be examined (serial sections, levels) and potential ancillary studies to be performed, thus avoiding error.

For mesothelioma, the radiologic growth pattern and history of previous cancer are important guides to further analysis of a particular specimen. A radiologic nodular growth pattern may prompt correlation with surgical thoracoscopic observations with regard to nodule sampling, while a diffuse growth pattern may lead to a request for deeper or more extensive samples. History of prior cancer could suggest a different panel of immunohistochemical stains to definitively rule out metastasis from a known tumour, review of previous histology and consideration of a genetic predisposition syndrome.1,2 Other valuable clinical information includes presence of a pleural effusion and its characteristics (e.g., transudative, bloody, exudative). This can trigger review of and correlation with a concurrent cytological specimen.
A history of asbestos exposure is of general interest, but not relevant to diagnosis and does not influence sample processing because i) both mesothelioma and lung cancer can be induced by asbestos, so that a history of exposure by itself does not distinguish definitively between these possibilities; ii) mesotheliomas do occur rarely in patients with no known history of exposure to asbestos; and iii) tumours unrelated to asbestos exposure do occur in asbestos-exposed individuals.3

References
[bookmark: _ENREF_1]1	Wick MR (2007). Medicolegal liability in surgical pathology: a consideration of underlying causes and selected pertinent concepts. Semin Diagn Pathol 24(2):89-97.
[bookmark: _ENREF_2]2	Pilarski R, Carlo M, Cebulla C and Abdel-Rahman M. BAP1 Tumor Predisposition Syndrome. Available from: https://www.ncbi.nlm.nih.gov/books/NBK390611/ (Accessed 12th August 2021).
[bookmark: _ENREF_3]3	Husain AN, Colby T, Ordonez N, Krausz T, Attanoos R, Beasley MB, Borczuk AC, Butnor K, Cagle PT, Chirieac LR, Churg A, Dacic S, Fraire A, Galateau-Salle F, Gibbs A, Gown A, Hammar S, Litzky L, Marchevsky AM, Nicholson AG, Roggli V, Travis WD and Wick M (2013). Guidelines for pathologic diagnosis of malignant mesothelioma: 2012 update of the consensus statement from the International Mesothelioma Interest Group. Arch Pathol Lab Med 137(5):647-667. 
	

	Non-core
	NEOADJUVANT THERAPY
	· Information not provided
· Not administered
· Administered, describe
	A history of neoadjuvant therapy is of interest in the pathology analysis. However, there is currently no approved system for the assessment of residual tumour, including nodal status, and implications for staging and prognostication in the neoadjuvant setting are not established.1-3

References
1	Van Schil PE, Opitz I, Weder W, De Laet C, Domen A, Lauwers P, Hendriks JM and Van Meerbeeck JP (2014). Multimodal management of malignant pleural mesothelioma: where are we today? Eur Respir J 44(3):754-764.
2	de Perrot M, Feld R, Cho BC, Bezjak A, Anraku M, Burkes R, Roberts H, Tsao MS, Leighl N, Keshavjee S and Johnston MR (2009). Trimodality therapy with induction chemotherapy followed by extrapleural pneumonectomy and adjuvant high-dose hemithoracic radiation for malignant pleural mesothelioma. J Clin Oncol 27(9):1413-1418.
3	Cantini L, Hassan R, Sterman DH and Aerts JGJV (2020). Emerging Treatments for Malignant Pleural Mesothelioma: Where Are We Heading? Frontiers in Oncology 10:343. 
	

	Core
	CLINICAL AND RADIOLOGICAL CORRELATION
	Specify 
	Correlation with clinical, radiological and thoracoscopic findings is always recommended and essential to a diagnosis of in situ mesothelioma, but maybe less critical for a diagnosis of invasive mesothelioma if tissue invasion is demonstrated in the histological specimen. For in situ mesothelioma, it is essential that no mass lesions are identified on imaging or thoracoscopy.1-3 

References
1	WHO Classification of Tumours Editorial Board (2021). Thoracic Tumours, 5th Edition, Volume 5. IARC Press, Lyon.
2	Sinha S, Swift AJ, Kamil MA, Matthews S, Bull MJ, Fisher P, De Fonseka D, Saha S, Edwards JG and Johns CS (2020). The role of imaging in malignant pleural mesothelioma: an update after the 2018 BTS guidelines. Clin Radiol 75(6):423-432.
3	Woolhouse I, Bishop L, Darlison L, de Fonseka D, Edey A, Edwards J, Faivre-Finn C, Fennell DA, Holmes S, Kerr KM, Nakas A, Peel T, Rahman NM, Slade M, Steele J, Tsim S and Maskell NA (2018). BTS guideline for the investigation and management of malignant pleural mesothelioma. BMJ Open Respir Res 5(1):e000266. 
	

	Core
	OPERATIVE PROCEDURE
	· Not specified
· Core biopsy
Number of biopsies ___
· Open biopsy
Number of biopsies ___
· VATS biopsy
Number of biopsies ___
· Extrapleural pneumonectomy (EPP)
· Pleurectomy/decortication
· Extended pleurectomy/
decortication (EPD)
· Partial pleurectomy
· Other, specify
	Documentation of the operative procedure is useful, as correlation of the type of procedure with the material received can be important for patient safety. In resection specimens, the type of surgical procedure is important in determining the assessment of surgical margins.

Due to advanced age, clinical status, or extent of disease, few mesothelioma patients are suitable for EPP or extended pleurectomy/decortication (EPD) and therefore, diagnosis is usually based upon biopsy alone. Although the volume of tissue sampled is more restricted than for surgical resection specimens, biopsy assessment may contribute significant observations for clinical management and prognosis, in addition to the crucial distinction between secondary tumours affecting the serosal membranes and mesothelioma, and between mesothelioma and benign reactive mesothelial proliferations. 

According to the Recommendations for Uniform Definitions of Surgical Techniques for Malignant Pleural Mesothelioma proposed by the International Association for the Study of Lung Cancer (IASLC) and the International Mesothelioma Interest Group (iMig),1 the following definitions apply:
· EPP is an en bloc resection of the parietal and visceral pleura with the ipsilateral lung, pericardium, and diaphragm. In cases where the pericardium and/or diaphragm are not involved by tumour, these structures may be left intact.
· Pleurectomy/decortication (P/D) is a parietal and visceral pleurectomy to remove all gross tumour without diaphragm or pericardial resection.
· EPD is a parietal and visceral pleurectomy to remove all gross tumour with resection of the diaphragm and/or pericardium. The IASLC Mesothelioma Domain suggests use of the term ‘extended’ rather than ‘radical’ in this instance as the latter implies a completeness of resection with added therapeutic benefit. There is currently insufficient evidence that resection of the pericardium and diaphragm provides either.
· Partial pleurectomy is the partial removal of parietal and/or visceral pleura for diagnostic or palliative purposes but leaving gross tumour behind.

The type of biopsy is important as it affects the extent to which a diagnosis may be made with any certainty. Accurate subtyping of mesothelioma has been shown to vary by procedure - 83% for open biopsy in comparison to 74% for video-assisted thoracoscopic surgery (VATS) biopsy, and 44% for computed tomography (CT)-guided biopsy, when compared with the subtype assessed in a follow-up series of 83 EPP specimens.2-5

References
1	Rice D, Rusch V, Pass H, Asamura H, Nakano T, Edwards J, Giroux DJ, Hasegawa S, Kernstine KH, Waller D and Rami-Porta R (2011). Recommendations for uniform definitions of surgical techniques for malignant pleural mesothelioma: a consensus report of the international association for the study of lung cancer international staging committee and the international mesothelioma interest group. J Thorac Oncol 6(8):1304-1312.
2	Bueno R, Reblando J, Glickman J, Jaklitsch MT, Lukanich JM and Sugarbaker DJ (2004). Pleural biopsy: a reliable method for determining the diagnosis but not subtype in mesothelioma. Ann Thorac Surg 78(5):1774-1776.
3	Greillier L, Cavailles A, Fraticelli A, Scherpereel A, Barlesi F, Tassi G, Thomas P and Astoul P (2007). Accuracy of pleural biopsy using thoracoscopy for the diagnosis of histologic subtype in patients with malignant pleural mesothelioma. Cancer 110(10):2248-2252.
[bookmark: _ENREF_4]4	Attanoos RL and Gibbs AR (2008). The comparative accuracy of different pleural biopsy techniques in the diagnosis of malignant mesothelioma. Histopathology 53(3):340-344.
[bookmark: _ENREF_5]5	Kao SC, Yan TD, Lee K, Burn J, Henderson DW, Klebe S, Kennedy C, Vardy J, Clarke S, van Zandwijk N and McCaughan BC (2011). Accuracy of diagnostic biopsy for the histological subtype of malignant pleural mesothelioma. J Thorac Oncol 6(3):602-605.
	

	Core
	SPECIMEN(S) SUBMITTED
	· Information not provided 
Pleura/Thoracic
· Lung
· Left 
· Wedge
· Lobe
· Entire lung
· Right
· Wedge
· Lobe
· Entire Lung
· Diaphragm
· Mediastinum
· Pericardium
· Parietal pleura
· Contralateral pleura
· Visceral pleura
· Chest wall
· Rib
· Port site

Peritoneum
· Peritoneum
· Omentum
· Testis
· Left 
· Right
· Laterality not specified
· Ovary
· Left 
· Right
· Laterality not specified
· Fallopian tube
· Left 
· Right
· Laterality not specified
· Uterus
· Other intra-abdominal organs, specify

Other submitted specimens
· Lymph nodes, specify site(s)
· Other, specify

	
	

	Non-core
	TUMOUR SIZE
	Pleural specimens
MAXIMUM THICKNESS OF ANY MASS 
____ mm
· Indeterminate
AND
DIMENSIONS OF DOMINANT MASS
___ mm x ___mm x ___ mm
· Indeterminate
Peritoneal specimens
DIMENSIONS OF DOMINANT MASS
      ____ mm
· Indeterminate
OR
DIMENSIONS OF LARGEST NODULE
___ mm x ___mm x ___ mm
· Indeterminate
	For pleural mesotheliomas that are received as radical surgical EPP or EPD specimens, attempting to measure the dimensions of individual tumour nodules is neither simple (because the distinction between tumour and fibrotic reaction may be difficult to assess) nor informative. Rather, measuring the maximum thickness of tumour appears to be a more useful indicator of tumour burden and can often be compared to radiologic measurements. 

For peritoneal mesotheliomas, the specimen is normally received in multiple parts and dimensions of the dominant mass should be measured. Where multiple nodules are present, the dimensions of the largest nodule should be recorded. 

Total specimen size and individual fragment sizes, e.g., for core biopsies, are often routinely recorded in a macroscopic description.  

	

	Core
	MACROSCOPIC TUMOUR SITE
	· Indeterminate
Pleura/Thoracic
· Left
· Lung
· Parietal pleura
· Visceral pleura
· Chest wall
· Rib
· Right
· Lung
· Parietal pleura
· Visceral pleura
· Chest wall
· Rib
· Diaphragm
· Mediastinum
· Pericardium
· Port site

Peritoneum
· Peritoneum
· Omentum
· Testis
· Left 
· Right
· Laterality not specified

· Ovary
· Left 
· Right
· Laterality not specified
· Fallopian tube
· Left 
· Right
· Laterality not specified
· Uterus
· Other intra-abdominal organs, specify

Other
· Lymph nodes
· Other site, specify

	The macroscopic tumour site should be recorded if known as it is important for staging, i.e., the presence of diffuse tumour or multifocality. It will also be important for correlation with thoracoscopy findings.

	

	Non-core
	BLOCK IDENTIFICATION KEY
	List overleaf or separately with an indication of the nature and origin of all tissue blocks
	The origin/designation of all tissue blocks should be recorded. This information should ideally be documented in the final pathology report and is particularly important should the need for internal or external review arise. The reviewer needs to be clear about the origin of each block in order to provide an informed specialist opinion. If this information is not included in the final pathology report, it should be available on the laboratory computer system and relayed to the reviewing pathologist. It may be useful to have a digital image of the specimen and record of the origin of the tumour blocks in some cases, in particular resections. 

Recording the origin/designation of tissue blocks also facilitates retrieval of blocks for further immunohistochemical or molecular analysis, research studies or clinical trials. Identification of a particular block that is suitable for further studies in the report can further aid this process and should be included in the report.       
	

	Core and Non-core 
	HISTOLOGICAL TUMOUR TYPE
	· Mesothelioma in situ
· Localized mesothelioma
· Diffuse mesothelioma, NOS

Subtype
· Epithelioid mesothelioma
· Sarcomatoid mesothelioma (including desmoplastic)
· Biphasic mesothelioma
Epithelioid ___ %
Sarcomatoid ___ %
Architectural patterns
· Tubulopapillary  ___ %
· Trabecular ___ %
· Adenomatoid ___ %
· Solid ___ %
· Micropapillary ___ %

Cytological features
· Rhabdoid
· Deciduoid
· Small cell
· Clear cell
· Signet ring
· Lymphohistiocytoid
· Pleomorphic
· Transitional
Stromal features
· Myxoid
· Desmoplastic
· Heterologous differentiation
	The major histological tumour types of mesothelioma as recognised by the WHO Classification of Thoracic Tumours, 5th edition, are epithelioid, sarcomatoid and biphasic/mixed (see Table 1).1 By convention a biphasic mesothelioma is diagnosed if the tumour includes both epithelioid and sarcomatoid components with the lesser component comprising at least 10% of the tumour examined in resection specimens which included EPP or EPD.1  However, in small biopsy samples the designation of biphasic is independent of the percentages of each component.1 

There are a number of histological patterns of mesothelioma which are important to be aware of as they impact prognosis and may lead to diagnostic confusion (refer to Tables 2 and 3).

[bookmark: _Hlk79667095][bookmark: _Hlk74808857]For epithelioid mesothelioma, each of the architectural patterns present must be recorded and percentages given in a resection specimen. Favourable architectural patterns include tubulopapillary, trabecular and adenomatoid, whereas solid (>50%) and micropapillary are unfavourable.1 Whereas adenomatoid pattern refers to gland like structures lined by flat to cuboidal cells resembling adenomatoid tumour. The designations of rhabdoid, deciduoid, small cell, clear cell, signet ring, lymphohistiocytoid and pleomorphic are now included as a separate category under cytological features. Predominant myxoid stroma (>50% of tumour with <50% solid pattern) is associated with favourable prognosis and should be reported as such.

[bookmark: _Hlk85727522]Variants of sarcomatoid mesothelioma include desmoplastic mesothelioma and mesothelioma with heterologous elements.1,2 Mesothelioma with transitional features is included as a cytological variant of sarcomatoid mesothelioma. Transitional mesothelioma is characterised by elongated yet plump cells appearing intermediate between epithelioid and sarcomatoid in morphology, arranged in a sheetlike pattern. The cells typically have moderate amounts of cytoplasm and prominent nucleoli and are more discohesive than epithelioid cells. Reticulin stain can be useful to highlight single cells. Sarcomatoid mesothelioma may contain heterologous (osteosarcomatous, chondrosarcomatous and rhabdomyosarcomatous) elements. Desmoplastic mesothelioma is characterised by atypical spindle cells and dense hyalinised fibrous stroma, the latter comprising at least 50% of the tumour examined in resection specimens which included EPP or EPD.3 In small biopsy specimens, the term ‘with desmoplastic features’ should be used. Lymphohistiocytoid cytological features, which may also be present in epithelioid subtypes, should be reported because of favourable prognosis. 

In some cases, such as small biopsy specimens or specimens with crush effect, a definitive tumour type cannot be assigned and in this situation a value of ‘mesothelioma not otherwise specified (NOS)’ should be used.


Tables 1-3 (See end of the document for Tables)
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	Value list based on the
WHO Classification of Thoracic Tumours (2021).
Note that permission to publish the WHO Classification of Tumours may be needed in your implementation. It is advisable to check with the International Agency for Research on Cancer.


	Core
	HISTOLOGICAL TUMOUR GRADE
	· Low grade (nuclear grades I and II without necrosis)
· High grade (nuclear grade II with necrosis, nuclear grade III with or without necrosis)
	A two-tiered grading system (low and high grade) that combines nuclear grade (mitotic count and nuclear atypia) and the presence of necrosis, has been demonstrated to be strongly predictive of survival in patients with epithelioid mesothelioma.1-5

Areas showing the highest-grade features should be used to assign tumours to low grade (any nuclear grade I and nuclear grade II without necrosis) or high grade (nuclear grade II with necrosis and any nuclear grade III). Grade should be reported in both biopsy and resection specimens of diffuse epithelioid mesotheliomas. Refer to Tables 2-3 under HISTOLOGICAL TUMOUR TYPE and Table 4.

The use of Ki-67 proliferation index as an adjunct to mitotic count has not been validated and mitotic count is determined at 40x on haematoxylin and eosin (H&E) stained sections.

Table 4 (See end of the document for Tables)
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[bookmark: _ENREF_6]6	WHO Classification of Tumours Editorial Board (2021). Thoracic Tumours, 5th Edition, Volume 5. IARC Press, Lyon. 
	Applicable to diffuse epithelioid mesotheliomas.

	Non-core
	RESPONSE TO THERAPY
	Specify
	There is no recommended or agreed system for tumour regression grading of mesothelioma that has been treated with neoadjuvant chemotherapy or immunotherapy. Although currently no data support the recording of this information, it may be useful to capture this for research purposes or for future consideration. 
	

	Non-core
	COEXISTENT PATHOLOGY
	· None identified
· Pleural plaque
· Other, specify
	It is recommended that pathologists comment upon any coexistent non-neoplastic findings present in the submitted materials. These include, for EPP specimens, such findings as pleural plaques, asbestosis, asbestos bodies, emphysema, small airways disease, respiratory bronchiolitis, and talc granulomas.1 For diagnosing asbestosis, it is recommended that the criteria published by the Asbestosis Committee of the College of American Pathologists and Pulmonary Pathology Society be used.2 For peritoneal specimens, additional findings such as endometriosis, endosalpingiosis and mesothelial inclusion cysts should be noted.
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1	Mark EJ (1981). The second diagnosis: the role of the pathologist in identifying pneumoconioses in lungs excised for tumor. Hum Pathol 12(7):585-587.
2	Roggli VL, Gibbs AR, Attanoos R, Churg A, Popper H, Cagle P, Corrin B, Franks TJ, Galateau-Salle F, Galvin J, Hasleton PS, Henderson DW and Honma K (2010). Pathology of asbestosis - An update of the diagnostic criteria: Report of the asbestosis committee of the College of American Pathologists and Pulmonary Pathology Society. Arch Pathol Lab Med 134(3):462-480. 
	

	Core
	EXTENT OF INVASION
	· Cannot be assessed
· No evidence of primary tumour
· Parietal pleura without involvement of the
· Ipsilateral visceral pleura
· Mediastinal pleura
· Diaphragmatic pleura
· Parietal pleura with focal involvement of the
· Ipsilateral visceral pleura
· Mediastinal pleura
· Diaphragmatic pleura
· Diaphragmatic muscle
· Lung parenchyma
· Endothoracic fascia
· Mediastinal fat
· Localised focus of tumour invading the soft tissue of the
chest wall
· Into but not through the pericardium
· Through the pericardium
· Diffuse or multiple foci invading soft tissue of chest wall
· Rib(s)
· Peritoneum through the diaphragm
· Great vessels/oesophagus/ trachea or other mediastinal
organ
· Spine
· Myocardium
· Extension into contralateral pleura
· Other, specify 
	Extent of invasion is part of staging for radical pleural surgical specimens. In biopsies, the presence of invasion is important for separating benign from malignant mesothelial proliferations, but staging is dependent on multidisciplinary clinical review.
Invasion into the endothoracic fascia is a staging parameter and is usually determined by the surgeon intraoperatively.1
The endothoracic fascia represents a connective tissue plane that lies between the parietal pleura and the innermost intercostal muscle. This can be difficult to appreciate histologically.1 In some circumstances the Elastin van Gieson stain may be helpful.2 Sections from parietal pleura that oppose the chest wall showing histologic involvement of skeletal muscle is the best surrogate indicator that the endothoracic fascia has been breached.  
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	Core 
	MARGIN STATUS
	· Cannot be assessed
· Not involved
· Involved,  specify margin(s) and their location, if possible
	In the surgical pathology specimen, the soft tissue margin status is difficult to assess because the entire pleura represents a margin. Therefore, margin status is only applicable to EPP and EPD specimens. Usually in patients with EPP the surgeon is performing a blind dissection beneath the endothoracic fascia between the pleura and chest wall. Any identified positive margins and their location must be recorded. 
	Only applicable to EPP and EPD specimens.

	Core
	LYMPH NODE STATUS
	· Cannot be assessed
· No nodes submitted or found

Lymph node station/location
or specimen identification
________________________
· Not involved
· Involved
      ________________________
· Not involved
· Involved
     ________________________
· Not involved
· Involved
     ________________________
· Not involved
· Involved

	Thoracic or abdominal lymph nodes may be sampled to obtain a diagnosis or for the staging of an already diagnosed tumour. If thoracic, they should be identified by standard station; for abdominal lymph nodes, a suitable specimen identifier or descriptor should be used. A lymph node station should be regarded as positive for mesothelioma regardless of the number of malignant mesothelial cells present or the number of lymph nodes involved provided one node contains malignant mesothelial cells. However, the identification of mesothelial cells in lymph nodes does not necessarily indicate metastasis. They may rarely represent incidental inclusions.1,2 The diagnosis of metastatic mesothelioma should only be made when there is good evidence of a serosa based tumour whether diffuse or, very rarely, localised. 
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	Non-core
	ANCILLARY STUDIES - INVASIVE MESOTHELIOMA
	· Not performed
· Performed (select all that apply)
· ALK testing, specify test(s) and result(s)
· BAP1 testing, specify test(s) and result(s)
· CDKN2A, specify test(s) and result(s)
· MTAP testing, specify test(s) and result(s)
· Immunohistochemistry, specify test(s) and result(s)
· Other e.g., NF2 (loss or fusion), EWSR1/ATF1, EWSR1/
FUS-CREB, EWSR1/YY fusions, record test(s), methodology and results



	All mesothelial tumours
The use of ancillary studies is essential to confirm mesothelial phenotype. All variants of epithelioid mesothelioma react with multiple mesothelial-related antibodies.1,2 There is some variation among laboratories as to which antibodies are selected for testing but at least two mesothelial and two carcinoma markers with greater than 80% sensitivity and specificity should be used with additional markers to be added if necessary. The most useful mesothelial markers are calretinin, WT-1, cytokeratin 5/6 (CK5/6), and D2-40 (podoplanin). The most useful general carcinoma markers are claudin 4,3 MOC31, BG81,4 and BerEp4.5,6 The sarcomatoid component of biphasic tumours and pure sarcomatoid mesotheliomas may lose immunoreactivity for most markers but most retain some labelling for cytokeratins,7 D2-408 is the most likely marker to remain immunoreactive.1,4 The usefulness of GATA 3 for sarcomatoid mesothelioma is still under investigation but promising.7,9-12 

[bookmark: _Hlk85729322]The three most common molecular alterations in mesothelioma are loss of cyclin-dependent kinase inhibitor 2A (CDKN2A, p16), neurofibromin 2 (Merlin, NF2), and BRCA1 associated protein-1 (BAP1). Assessment of hemizygous NF2 loss by FISH13-15 shows promise but is not widely used diagnostically to date. However, homozygous loss of CDKN2A, e.g., by fluorescence in situ hybridization (FISH), and  immunohistochemistry for MTAP (as a surrogate for loss of CDKN2A), and BAP1 are useful markers for separating benign from malignant mesothelial proliferations, e.g., in small biopsies.13,16-22 

The sensitivity for loss of nuclear expression of BAP1 is not well defined but probably on the order of 50 to 70% for epithelioid mesotheliomas, whereas CDKN2A homozygous loss is present in the majority of sarcomatoid mesotheliomas.23 These markers are only useful when lost; positive staining or no deletion do not rule out a mesothelioma, and these alterations are not specific to mesothelioma and may be present in other neoplasms. 

BAP1 immunohistochemistry is also useful as a screening tool for BAP1 germline mutation syndromes, in which there are familial aggregations of mesotheliomas, melanomas including ocular melanomas, renal cell carcinomas, and probably a variety of other tumours.24 However, BAP1 immunohistochemistry is no more than a screening tool in this context, since the vast majority of mesotheliomas that show BAP1 loss only have somatic mutations, and not all patients with germline mutations show nuclear loss.25 Formal genetic analysis is required to confirm germline tumours and can be initiated in cases where there is significant clinical concerns regardless of immunohistochemical results.

ALK rearrangements have rarely been identified in peritoneal and pleural mesothelioma.26,27 Assessment for ALK rearrangements should especially be considered in peritoneal mesothelioma where treatment implications are more established.28 If screened by histology, use of the ALK (D5F3) antibody is most established.

[bookmark: _Hlk85727779][bookmark: _Hlk85728078][bookmark: _Hlk85728441]Mesothelioma can harbour EWSR1/FUS-ATF1. This mesothelioma subset is observed in pleura and peritoneum and features include young age at presentation, lack of asbestos exposure and retained BAP1 expression. Diagnosis can be made by RNAseq and FISH but treatment implications are not established.29 The role of SMARCA4 deletion in the diagnosis of mesothelioma is uncertain.30 

Immunohistochemistry for PD-L1 may be performed if clinically relevant. 

Mesothelioma in situ
Loss of nuclear labelling for BAP1 and/or loss of MTAP labelling (cytoplasmic) or homozygous loss of CDKN2A by FISH is required for a diagnosis of mesothelioma in situ. The diagnosis requires an adequate biopsy correlation with clinical  features (recurrent unexplained pleural effusions in a high risk patient are typical) and thorascocopic and radiological findings that do not demsontrate a mass lesion is essential for diagnosis.31-34  
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	Core
	ANCILLARY STUDIES - MESOTHELIOMA IN SITU
	· Not performed
· Performed (select all that apply)
· ALK testing, specify test(s) and result(s)
· BAP1 testing, specify test(s) and result(s)
· CDKN2A, specify test(s) and result(s)
· MTAP testing, specify test(s) and result(s)
· Other, record test(s), methodology and results
	All mesothelial tumours
The use of ancillary studies is essential to confirm mesothelial phenotype. All variants of epithelioid mesothelioma react with multiple mesothelial-related antibodies.1,2 There is some variation among laboratories as to which antibodies are selected for testing but at least two mesothelial and two carcinoma markers with greater than 80% sensitivity and specificity should be used with additional markers to be added if necessary. The most useful mesothelial markers are calretinin, WT-1, cytokeratin 5/6 (CK5/6), and D2-40 (podoplanin). The most useful general carcinoma markers are claudin 4,3 MOC31, BG81,4 and BerEp4.5,6 The sarcomatoid component of biphasic tumours and pure sarcomatoid mesotheliomas may lose immunoreactivity for most markers but most retain some labelling for cytokeratins,7 D2-408 is the most likely marker to remain immunoreactive.1,4 The usefulness of GATA 3 for sarcomatoid mesothelioma is still under investigation but promising.7,9-12 

The three most common molecular alterations in mesothelioma are loss of cyclin-dependent kinase inhibitor 2A (CDKN2A, p16), neurofibromin 2 (Merlin, NF2), and BRCA1 associated protein-1 (BAP1). Assessment of hemizygous NF2 loss by FISH13-15 shows promise but is not widely used diagnostically to date. However, homozygous loss of CDKN2A, e.g., by fluorescence in situ hybridization (FISH), and  immunohistochemistry for MTAP (as a surrogate for loss of CDKN2A), and BAP1 are useful markers for separating benign from malignant mesothelial proliferations, e.g., in small biopsies.13,16-22 

The sensitivity for loss of nuclear expression of BAP1 is not well defined but probably on the order of 50 to 70% for epithelioid mesotheliomas, whereas CDKN2A homozygous loss is present in the majority of sarcomatoid mesotheliomas.23 These markers are only useful when lost; positive staining or no deletion do not rule out a mesothelioma, and these alterations are not specific to mesothelioma and may be present in other neoplasms. 

BAP1 immunohistochemistry is also useful as a screening tool for BAP1 germline mutation syndromes, in which there are familial aggregations of mesotheliomas, melanomas including ocular melanomas, renal cell carcinomas, and probably a variety of other tumours.24 However, BAP1 immunohistochemistry is no more than a screening tool in this context, since the vast majority of mesotheliomas that show BAP1 loss only have somatic mutations, and not all patients with germline mutations show nuclear loss.25 Formal genetic analysis is required to confirm germline tumours and can be initiated in cases where there is significant clinical concerns regardless of immunohistochemical results.

ALK rearrangements have rarely been identified in peritoneal and pleural mesothelioma.26,27 Assessment for ALK rearrangements should especially be considered in peritoneal mesothelioma where treatment implications are more established.28 If screened by histology, use of the ALK (D5F3) antibody is most established.

Mesothelioma can harbour EWSR1/FUS-ATF1. This mesothelioma subset is observed in pleura and peritoneum and features include young age at presentation, lack of asbestos exposure and retained BAP1 expression. Diagnosis can be made by RNAseq and FISH but treatment implications are not established.29 The role of SMARCA4 deletion in the diagnosis of mesothelioma is uncertain.30 

Immunohistochemistry for PD-L1 may be performed if clinically relevant. 

Mesothelioma in situ
Loss of nuclear labelling for BAP1 and/or loss of MTAP labelling (cytoplasmic) or homozygous loss of CDKN2A by FISH is required for a diagnosis of mesothelioma in situ. The diagnosis requires an adequate biopsy correlation with clinical  features (recurrent unexplained pleural effusions in a high risk patient are typical) and thorascocopic and radiological findings that do not demsontrate a mass lesion is essential for diagnosis.31-34  

References
1	Husain AN, Colby TV, Ordóñez NG, Allen TC, Attanoos RL, Beasley MB, Butnor KJ, Chirieac LR, Churg AM, Dacic S, Galateau-Sallé F, Gibbs A, Gown AM, Krausz T, Litzky LA, Marchevsky A, Nicholson AG, Roggli VL, Sharma AK, Travis WD, Walts AE and Wick MR (2018). Guidelines for Pathologic Diagnosis of Malignant Mesothelioma 2017 Update of the Consensus Statement From the International Mesothelioma Interest Group. Arch Pathol Lab Med 142(1):89-108.
2	Schulte JJ and Husain AN (2020). Update on the pathologic diagnosis of malignant mesothelioma. Transl Lung Cancer Res 9(3):917-923.
3	Naso JR and Churg A (2020). Claudin-4 shows superior specificity for mesothelioma vs non-small-cell lung carcinoma compared with MOC-31 and Ber-EP4. Hum Pathol 100:10-14.
4	Klebe S, Mahar A, Henderson DW and Roggli VL (2008). Malignant mesothelioma with heterologous elements: clinicopathological correlation of 27 cases and literature review. Mod Pathol 21(9):1084-1094.
5	Chapel DB, Schulte JJ, Husain AN and Krausz T (2020). Application of immunohistochemistry in diagnosis and management of malignant mesothelioma. Transl Lung Cancer Res 9(Suppl 1):S3-s27.


6	Le Stang N, Burke L, Blaizot G, Gibbs AR, Lebailly P, Clin B, Girard N and Galateau-Sallé F (2020). Differential Diagnosis of Epithelioid Malignant Mesothelioma With Lung and Breast Pleural Metastasis: A Systematic Review Compared With a Standardized Panel of Antibodies-A New Proposal That May Influence Pathologic Practice. Arch Pathol Lab Med 144(4):446-456.
7	Marchevsky AM, LeStang N, Hiroshima K, Pelosi G, Attanoos R, Churg A, Chirieac L, Dacic S, Husain A, Khoor A, Klebe S, Lantuejoul S, Roggli V, Vignaud JM, Weynard B, Sauter J, Henderson D, Nabeshima K and Galateau-Salle F (2017). The differential diagnosis between pleural sarcomatoid mesothelioma and spindle cell/pleomorphic (sarcomatoid) carcinomas of the lung: evidence-based guidelines from the International Mesothelioma Panel and the MESOPATH National Reference Center. Hum Pathol 67:160-168.
8	Linton A, Kao S, Vardy J, Clarke S, van Zandwijk N and Klebe S (2013). Immunohistochemistry in the diagnosis of malignant pleural mesothelioma: trends in Australia and a literature review. Asia Pac J Clin Oncol 9(3):273-279.
9	Miettinen M, McCue PA, Sarlomo-Rikala M, Rys J, Czapiewski P, Wazny K, Langfort R, Waloszczyk P, Biernat W, Lasota J and Wang Z (2014). GATA3: a multispecific but potentially useful marker in surgical pathology: a systematic analysis of 2500 epithelial and nonepithelial tumors. Am J Surg Pathol 38(1):13-22.
10	Berg KB and Churg A (2017). GATA3 Immunohistochemistry for Distinguishing Sarcomatoid and Desmoplastic Mesothelioma From Sarcomatoid Carcinoma of the Lung. Am J Surg Pathol 41(9):1221-1225.
11	Terra S, Roden AC, Aubry MC, Yi ESJ and Boland JM (2021). Utility of Immunohistochemistry for MUC4 and GATA3 to Aid in the Distinction of Pleural Sarcomatoid Mesothelioma From Pulmonary Sarcomatoid Carcinoma. Arch Pathol Lab Med 145(2):208-213.
12	Prabhakaran S, Hocking A, Kim C, Hussey M and Klebe S (2020). The potential utility of GATA binding protein 3 for diagnosis of malignant pleural mesotheliomas. Hum Pathol 105:1-8.
13	Berg KB, Dacic S, Miller C, Cheung S and Churg A (2018). Utility of Methylthioadenosine Phosphorylase Compared With BAP1 Immunohistochemistry, and CDKN2A and NF2 Fluorescence In Situ Hybridization in Separating Reactive Mesothelial Proliferations From Epithelioid Malignant Mesotheliomas. Arch Pathol Lab Med 142(12):1549-1553.
14	Kinoshita Y, Hamasaki M, Matsumoto S, Yoshimura M, Sato A, Tsujimura T, Kamei T, Kawahara K, Iwasaki A and Nabeshima K (2021). Fluorescence in situ hybridization detection of chromosome 22 monosomy in pleural effusion cytology for the diagnosis of mesothelioma. Cancer Cytopathol 129(7):526-536.
15	Kinoshita Y, Hamasaki M, Yoshimura M, Matsumoto S, Iwasaki A and Nabeshima K (2020). Hemizygous loss of NF2 detected by fluorescence in situ hybridization is useful for the diagnosis of malignant pleural mesothelioma. Mod Pathol 33(2):235-244.
16	Nasu M, Emi M, Pastorino S, Tanji M, Powers A, Luk H, Baumann F, Zhang YA, Gazdar A, Kanodia S, Tiirikainen M, Flores E, Gaudino G, Becich MJ, Pass HI, Yang H and Carbone M (2015). High Incidence of Somatic BAP1 alterations in sporadic malignant mesothelioma. J Thorac Oncol 10(4):565-576.
17	Yoshimura M, Kinoshita Y, Hamasaki M, Matsumoto S, Hida T, Oda Y and Nabeshima K (2017). Diagnostic application of BAP1 immunohistochemistry to differentiate pleural mesothelioma from metastatic pleural tumours. Histopathology 71(6):1011-1014.
18	Sheffield BS, Hwang HC, Lee AF, Thompson K, Rodriguez S, Tse CH, Gown AM and Churg A (2015). BAP1 Immunohistochemistry and p16 FISH to Separate Benign From Malignant Mesothelial Proliferations. Am J Surg Pathol 39(7):977-982.
19	Righi L, Duregon E, Vatrano S, Izzo S, Giorcelli J, Rondón-Lagos M, Ascoli V, Ruffini E, Ventura L, Volante M, Papotti M and Scagliotti GV (2016). BRCA1-Associated Protein 1 (BAP1) Immunohistochemical Expression as a Diagnostic Tool in Malignant Pleural Mesothelioma Classification: A Large Retrospective Study. J Thorac Oncol 11(11):2006-2017.
20	Wu D, Hiroshima K, Yusa T, Ozaki D, Koh E, Sekine Y, Matsumoto S, Nabeshima K, Sato A, Tsujimura T, Yamakawa H, Tada Y, Shimada H and Tagawa M (2017). Usefulness of p16/CDKN2A fluorescence in situ hybridization and BAP1 immunohistochemistry for the diagnosis of biphasic mesothelioma. Ann Diagn Pathol 26:31-37.
21	Hwang HC, Sheffield BS, Rodriguez S, Thompson K, Tse CH, Gown AM and Churg A (2016). Utility of BAP1 Immunohistochemistry and p16 (CDKN2A) FISH in the Diagnosis of Malignant Mesothelioma in Effusion Cytology Specimens. Am J Surg Pathol 40(1):120-126.
22	Cigognetti M, Lonardi S, Fisogni S, Balzarini P, Pellegrini V, Tironi A, Bercich L, Bugatti M, Rossi G, Murer B, Barbareschi M, Giuliani S, Cavazza A, Marchetti G, Vermi W and Facchetti F (2015). BAP1 (BRCA1-associated protein 1) is a highly specific marker for differentiating mesothelioma from reactive mesothelial proliferations. Mod Pathol 28(8):1043-1057.
23	Churg A, Sheffield BS and Galateau-Salle F (2016). New Markers for Separating Benign From Malignant Mesothelial Proliferations: Are We There Yet? Arch Pathol Lab Med 140(4):318-321.
24	Carbone M, Yang H, Pass HI, Krausz T, Testa JR and Gaudino G (2013). BAP1 and cancer. Nat Rev Cancer 13(3):153-159.
25	Klebe S, Driml J, Nasu M, Pastorino S, Zangiabadi A, Henderson D and Carbone M (2015). BAP1 hereditary cancer predisposition syndrome: a case report and review of literature. Biomark Res 3:14.
26	Hu J, Zhang B, Yao F, Fu Y, Chen D, Li D, Du N, Lizaso A, Song J, Zhang L and Li X (2020). Acquired multiple mutations ALK I1171N, L1196M and G1202R mediate lorlatinib resistance in EML4-ALK-rearranged malignant pleural mesothelioma: a case report. Ther Adv Respir Dis 14:1753466620935770.
27	Leal JL, Peters G, Szaumkessel M, Leong T, Asadi K, Rivalland G, Do H, Senko C, Mitchell PL, Quing CZ, Dobrovic A, Thapa B and John T (2020). NTRK and ALK rearrangements in malignant pleural mesothelioma, pulmonary neuroendocrine tumours and non-small cell lung cancer. Lung Cancer 146:154-159.
28	Hung YP, Dong F, Watkins JC, Nardi V, Bueno R, Dal Cin P, Godleski JJ, Crum CP and Chirieac LR (2018). Identification of ALK Rearrangements in Malignant Peritoneal Mesothelioma. JAMA Oncol 4(2):235-238.
29	Desmeules P, Joubert P, Zhang L, Al-Ahmadie HA, Fletcher CD, Vakiani E, Delair DF, Rekhtman N, Ladanyi M, Travis WD and Antonescu CR (2017). A Subset of Malignant Mesotheliomas in Young Adults Are Associated With Recurrent EWSR1/FUS-ATF1 Fusions. Am J Surg Pathol 41(7):980-988.
30	Perret R, Chalabreysse L, Watson S, Serre I, Garcia S, Forest F, Yvorel V, Pissaloux D, Thomas de Montpreville V, Masliah-planchon J, Lantuejoul S, Brevet M, Blay J-Y, Coindre J-M, Tirode F and Le Loarer F (2019). SMARCA4-deficient Thoracic Sarcomas: Clinicopathologic Study of 30 Cases With an Emphasis on Their Nosology and Differential Diagnoses. The American Journal of Surgical Pathology 43(4):455-465.
31	Churg A, Dacic S, Galateau-Salle F, Attanoos R and de Perrot M (2020). Malignant Mesothelioma In Situ: Clinical and Pathologic Implications. J Thorac Oncol 15(6):899-901.
32	Pulford E, Henderson DW and Klebe S (2020). Malignant mesothelioma in situ: diagnostic and clinical considerations. Pathology 52(6):635-642.
33	Klebe S, Nakatani Y, Dobra K, Butnor KJ, Roden AC, Nicholson AG, Marchevsky AM, Husain AN, Segal A, Walts AE, Weynand B, Michael CW, Dacic S, Godbolt D, Attanoos R, Santoni-Rugiu E, Galateau-Salle F, Hiroshima K, Moreira AL, Burn J, Nabeshima K, Gibbs AR, Churg A, Litzky LA, Brcic L, Tsao MS, Mino-Kenudson M, Rørvig SB, Tazelaar HD, Krausz T, Zhang YZ, Chirieac LR, Beasley MB and Hjerpe A (2021). The concept of mesothelioma in situ, with consideration of its potential impact on cytology diagnosis. Pathology 53(4):446-453.
34    WHO Classification of Tumours Editorial Board (2021). Thoracic Tumours, 5th Edition, Volume 5. IARC Press, Lyon. 
	

	Non-core
	REPRESENTATIVE BLOCKS FOR ANCILLARY STUDIES
	Specify those blocks best representing tumour and/or normal tissue for further study
	
	

	Core
	HISTOLOGICALLY CONFIRMED DISTANT METASTASES
	· Not identified
· Present, specify site(s)
	Documentation of known metastatic disease is an important part of the pathology report. Such information, if available, should be recorded with as much detail as available including the site and reference to any relevant prior surgical pathology or cytopathology specimens
	

	Core
	PATHOLOGICAL STAGING
(UICC TNM 8th edition)a

	PLEURAL SPECIMENS
TNM Descriptors (only if applicable) (select all that apply)
· m - multiple primary tumours
· r - recurrent
· y - classification is performed during or following
multimodality treatment
Primary tumour (pT)
· TXb Primary tumour cannot be assessed
· T0 No evidence of primary tumour
· T1 Tumour involves ipsilateral parietal pleura, with or without involvement of visceral, mediastinal or diaphragmatic pleura
· T2 Tumour involves the ipsilateral pleura (parietal or
visceral pleura), with at least one of the following:
• invasion of diaphragmatic muscle
• invasion of lung parenchyma
· T3 Tumour involves ipsilateral pleura (parietal or visceral pleura), with at least one of the following:
• invasion of endothoracic fascia
• invasion into mediastinal fat
• solitary focus of tumour invading soft tissues of the
chest wall
• non-transmural involvement of the pericardium
· T4 Tumour involves ipsilateral pleura (parietal or  visceral pleura), with at least one of the following:
• chest wall, with or without associated rib destruction (diffuse or multifocal)
• peritoneum (via direct transdiaphragmatic extension)
• contralateral pleura
• mediastinal organs (oesophagus, trachea, heart,
great vessels)
• vertebra, neuroforamen, spinal cord
• internal surface of the pericardium (transmural
invasion with or without a pericardial effusion)

Regional lymph nodes (pN)
· NXb Regional lymph nodes cannot be assessed
· N0 No regional lymph node metastasis
· N1 Metastases to ipsilateral intrathoracic lymph nodes (includes ipsilateral bronchopulmonary, hilar,
subcarinal, paratracheal, aortopulmonary, paraesophageal, peridiaphragmatic, pericardial fat pad, intercostal and internal mammary nodes)
· N2 Metastases to contralateral intrathoracic lymph nodes. Metastases to ipsilateral or contralateral supraclavicular lymph nodes

	The pathological primary tumour (T) and regional lymph node (N) categories are considered core elements in the majority of ICCR datasets. The 8th edition of the Union for International Cancer Control (UICC)1 and American Joint Committee on Cancer (AJCC)2 Staging Systems is based on retrospective analysis of a large series of patients accumulated by IASLC, and applies to both clinical and pathological staging. Definitive resection specimens EPD/EPP should be pathologically staged, with smaller specimens being clinically staged via multidisciplinary review. It is recommended to discuss intraoperative findings with the surgeon before completion of pathological staging.3-6  

The 8th edition UICC/AJCC Staging Systems1,2 do not incorporate a category for mesothelioma in situ. There is currently limited data to suggest inclusion of mesothelioma in situ as a stage.7 

The reference document: TNM Supplement: A commentary on uniform use, 5th edition (C Wittekind et al. editors) may be of assistance when staging.8  
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	Note that permission to publish the TNM cancer staging tables may be needed in your implementation. It is advisable to check.
Only EPD/EPP should be pathologically staged; not applicable
to mesotheliomas in situ.
a Reproduced with permission. Source: UICC TNM Classification of
Malignant Tumours, 8th Edition, eds by James D. Brierley, Mary K. Gospodarowicz, Christian Wittekind. 2016, Publisher Wiley.
(incorporating any errata published up until 6th October 2020).
b TX and NX should be used only if absolutely necessary.






Tables
Table 1: World Health Organization classification of mesothelial tumours of the pleura.1
	Descriptor
	ICD-O codea

	Adenomatoid tumour
	9054/0

	Well-differentiated papillary mesothelial tumourb 
	9052/1

	Mesothelioma in situ
	9050/2

	Localized mesothelioma
	9050/3

	Epithelioid mesothelioma 
	

	Sarcomatoid mesothelioma (including desmoplastic)
	

	Biphasic mesothelioma
	

	Diffuse mesothelioma, NOS
	9050/3

	Epithelioid mesothelioma 
	

	Sarcomatoid mesothelioma (including desmoplastic)
	

	Biphasic mesothelioma
	


a The morphology codes are from the International Classification of Diseases for Oncology (ICD-O).4 Behaviour is coded /0 for benign tumours; /1 for unspecified, borderline, or uncertain behaviour; /2 for carcinoma in situ and grade III intraepithelial neoplasia; and /3 for malignant tumours. Subtype labels are indented.
b Is a neoplasm of mesothelial origin but is considered distinct from mesothelioma in the 5th edition WHO.1
© World Health Organisation/International Agency for Research on Cancer. Reproduced with permission.
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Table 2: Architectural patterns, cytological features and stromal characteristics relevant to reporting of epithelioid mesothelioma.1
	Description
	Pattern/features
	Favourable
	Unfavourable
	Reporting

	Composed of round, epithelioid cells, usually with cohesive architecture, but single cells within a fibrous stroma may also be seen 
	Architectural patterns
Tubulopapillary
Trabecular
Adenomatoid
Solid
Micropapillary
	Architectural patterns
Tubulopapillary
Trabecular
Adenomatoid

	Architectural patterns
Solid (>50%)
Micropapillary
	Grade (high or low), architectural patterns present (and in definitive resection specimens such as EPD and EPPc, percentages of each pattern; for all other specimens, indicate ‘with … patterns/features’)

	
	Cytological features
Rhabdoid
Deciduoida
Small cella
Clear cella
Signet ringa
Lymphohistiocytoid
Pleomorphic
	Cytological features
Lymphohistiocytoid
Low nuclear gradeb
	Cytological features
Rhabdoid
Pleomorphic
High nuclear gradeb
	

	
	Stromal features
Myxoid
	Stromal features
Myxoid 
(if predominant, i.e. when >50% solid pattern contains myxoid stroma)
	Necrosis
(included in grading)
	


a These cytological features carry no prognostic significance but are important to recognise to avoid misdiagnosis with other entities in the differential diagnosis.
b Refer to Table 4 Nuclear grading of pleural diffuse epithelioid mesothelioma.
c EPD = extended pleurectomy/decortication; EPP = extrapleural pneumonectomy.
From World Health Organization Classification of Tumours, Thoracic Tumours, Table 14456, 5th Edition, which is adapted from American Registry of Pathology. Published as Table 1.7.0.1.1, in Travis WD, Nicholson AG, Geisinger KR, et al. Tumors of the Lower Respiratory Tract, AFIP Atlas of Tumor Pathology. Series 4, Fascicle 29. American Registry of Pathology, 2019. 
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Table 3: Architectural patterns, cytological features and stromal characteristics relevant to reporting of sarcomatoid mesothelioma including desmoplastic pattern.1
	Description
	Pattern/features
	Favourable
	Unfavourable

	Composed of elongated/spindle cells 
(>2 times longer than wide) arranged in solid sheets or within a fibrous stroma 
	Cytological features
Lymphohistiocytoid
Transitional
Pleomorphic
	Cytological features
Lymphohistiocytoid

	Cytological features
Transitional


	
	Stromal features
Desmoplastic
With heterologous differentiation
	
	


From World Health Organization Classification of Tumours, Thoracic Tumours, Table 14456, 5th Edition, which is adapted from American Registry of Pathology. Published as Table 1.7.0.1.1, in Travis WD, Nicholson AG, Geisinger KR, et al. Tumors of the Lower Respiratory Tract, AFIP Atlas of Tumor Pathology. Series 4, Fascicle 29. American Registry of Pathology, 2019
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 Table 4: Nuclear grading of pleural diffuse epithelioid mesothelioma.6 
	Nuclear grade
	Nuclear atypia score
	1 for mild 
2 for moderate 
3 for severe

	
	Mitotic count score
	1 for low (≤1 mitosis/2 mm2)
2 for intermediate (2-4 mitoses/2 mm2)
3 for high (≥5 mitoses/2 mm2)

	
	Sum
	2 or 3 = nuclear grade I
4 or 5 = nuclear grade II
6 = nuclear grade III

	Necrosis
	Present/Absent
	

	Overall tumour grade
	Low grade = nuclear grades I and II without necrosis 
High grade = nuclear grade II with necrosis, nuclear grade III with or without necrosis
	


© World Health Organisation/International Agency for Research on Cancer. Reproduced with permission.
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