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Background

• Due to the mining of asbestos at
Wittenoom between the 1930s and 1966,
Western Australia has one of the highest
incidences of mesothelioma in the world‐
the first case of mesothelioma in Australia
diagnosed in a Wittenoom worker in 1962.
• On 31/12/2003 asbestos and all products
containing asbestos were banned
throughout Australia and in 2007, the town
of Wittenoom was closed down and the
town's name was removed from official
maps and road signs.

Not just a problem of the past…
• In 2015, 2 million tonnes of asbestos was
mined worldwide. Russia is the largest
producer 55%, China (20%), Brazil (15.6%),
and Kazakhstan (10.8%).
• In 2016 asbestos was discovered in roof
panels supplied by a Chinese company
during the construction of Perth Children’s
Hospital.
• In July 2018, a Missouri jury ordered
Johnson & Johnson to pay $4.69 billion to 22
women who alleged the company’s talc‐
based products contain asbestos and caused
them to develop ovarian cancer.
• Libby, Montana is one of America’s worst
man‐made environmental disasters;
tremolite asbestos contaminated vermiculite
used in playgrounds, gardens, roads; current
on‐going law suits, clean‐ups and deaths.

There are more than three million tonnes of
tailings around Wittenoom

What is Asbestos?
• ‘Asbestos’ is the name used to refer to six commercially used
carcinogenic mineral fibres: chrysotile, crocidolite, amosite,
actinolite, anthophyllite, and tremolite.
• Only these six are regulated ‐ at the time when regulations were
introduced, these were the only mineral fibres used
commercially; assumed that only commercial use could lead to
widespread exposure.
• However, approximately 400 minerals arise naturally in a fibrous
form; in recent years, some of these fibres, such as erionite, have
been shown to be at least as potent as ‘asbestos’ fibres in
causing mesothelioma.

Asbestos Exposure
• The first wave
Asbestos mine, mill and transport workers‐ handled raw asbestos fibre as
it was dug out, milled to separate the fibre from rock, and then
transported to manufacturing plants.
• The second wave
Workers using products containing asbestos ‐ building and construction,
shipbuilders and trades such as plumbers, boilermakers and electricians.
• The third wave
Affects all of society as people are environmentally exposed in their
workplaces and homes; home renovators are now considered a
significant risk group.

Mesothelioma in Australia; 6th Annual report, Australian Mesothelioma Registry

•Cytological diagnosis of mesothelioma ‐
current practice at PathWest QE2 WA
•Arguments for and against cytological diagnosis

Effusion diagnosis of mesothelioma in WA
• The first case of mesothelioma to be diagnosed by
effusion cytology in Western Australia was in 1974.
• Since then extensive cytological experience developed
over 45 years, diagnosing 1‐2 cases per week.
• Luck ‐ EMA clone happened to be the ‘right one’.
• Controversial – effusion diagnosis still not accepted by
many clinicians and pathologists, both within Australia
and around the world.

Effusion cytology diagnosis of MPM:
Diagnosis is a simple two step process:
1. Prove malignancy
‐ morphology alone
‐ plus ancillary studies (IHC, FISH)
2. Prove mesothelial
‐ IHC (always done and always a panel)
‐ EM (now very rare)

Electron microscopy‐ role in diagnosis
Massive decline in use of EM since advent
of mesothelial markers
Cases of mesothelioma diagnosed by EM at
PathWest QE2
(5yr intervals):
• 1993‐1997: 123
• 1998‐2002 : 121
• 2003‐2007 : 130
• 2008‐2012 : 36
• 2013‐2017 : 3

Malignant by morphology

Malignant with ancillary tests

• Architecture: large cohesive aggregates

• EMA (70‐80%; clone E29)

• Cytology: overtly malignant nuclear features
• BAP1 IHC (loss in 20‐65%)
• FISH
(9p21 homozygous loss 70‐80%)
• Others: GLUT1, desmin, p53 etc
• Biomarkers: Mesothelin etc

Epithelial membrane antigen (EMA) IHC ‐ very useful
• Must use correct clone: DAKO Clone E29
• Do not use cytoplasmic staining alone to
call malignant
• The presence of membranous staining
in the majority of cells = malignant;
does not distinguish adenocarcinoma
from mesothelioma.
• Useful to highlight isolated cells in
metastatic carcinoma.
• Plasma cells stain with EMA ‐ ensure
correct population being assessed.

EMA : Mesothelioma
EMA Clone E29 (in use at PathWest)

EMA Clone VU2G7

EMA : Benign effusion:
EMA Clone E29

EMA Clone Mc5

Morphologically malignant‐ NEVER see this degree of large complex cohesive
aggregates in a benign pleural fluid–only need to determine phenotype‐panel IHC
Calretinin

Morphologically malignant; IHC=MPM
• Overtly malignant
cells; stains for
keratin and four
mesothelial markers;
negative for all
glandular/ squamous
markers.
• What do pathologists
who don’t diagnose
mesothelioma call
this?

Calretinin

Morphologically malignant‐ no large aggregates, but
cytological criteria of malignancy‐ determine phenotype
Papanicolou

EMA

PAS+D
Calretinin

TTF1

Not morphologically malignant by architecture or cytology‐
may be able to prove malignant with ancillary tests, then determine phenotype

Papanicolou

EMA

BAP1

Calretinin

Another role for EMA – diagnosing malignancy when you
can’t see any malignant cells; have a low threshold for EMA
Cell block

EMA

IHC for phenotyping; usually adeno. versus meso.
• Previously an area of major discussion; no mesothelial markers
available.
• Now ‐ numerous specific mesothelial and specific glandular
markers.
• Recommendation is for at least two mesothelial markers and two
glandular markers (guided by clinical history, laboratory
preference).
• Specific/sensitive glandular markers e.g TTF1 for lung and thyroid,
PAX8 for kidney and gynae. tract; PSA, ERG, GATA3, CDX2, SATB2...

IHC for phenotyping
• Important to consider non‐epithelial malignancies seen in
pleural effusions: melanoma, lymphoma, sarcoma, paediatric
tumours, particularly with single cell presentation.
• EMA‐negative malignant cells : unlikely to be metastatic
carcinoma as most common carcinomas e.g. lung, breast, GIT,
are EMA positive (exceptions: renal, hepatocellular, prostate)

Adenocarcinoma vs mesothelioma by morphology
• Mesothelioma: central nuclei,
dense cytoplasm, windows,
pyknotic ‘squamoid cells’, etc:
• But ALL non‐specific.
• Many morphological pointers‐
but always require IHC.

• PathWest panel
Glandular
Mesothelioma
• PAS+D
Calretinin
• CEA
WT1
• MOC31
D240
• B72.3
Mesothelin
• BerEP4
CK5/6
• CD15
• Can then add specific glandular markers

Newer markers: Claudin 4; MUC4
• Claudin 4 (a tight‐junction associated protein): consistently
negative in mesothelioma and has high sensitivity for
adenocarcinoma; appears to be significantly better at
distinguishing between adenocarcinoma and mesothelioma
than many of the glandular markers currently used.
• MUC4 : role in distinguishing sarcomatoid mesothelioma from
sarcomatoid lung cancer (not usually an issue in effusion
cytology, but can be problematic in FNA and biopsy settings).

Immunohistochemistry: some exceptions and pitfalls
• GATA‐3 (breast /urothelial marker) is positive in over 25% of mesotheliomas;
• Metastatic squamous cell carcinoma is rare in pleural effusions, but shares
morphological and IHC features with mesothelioma ; however mesotheliomas are
virtually never positive for p63 and p40, and WT1 is rarely positive in squamous
carcinoma;
• CK20 positivity and weak CDX2 positivity in mesothelioma is not uncommon.
• Weak membranous staining for glandular markers in MPM is not uncommon, can
be seen with all glandular markers.
• Weak membranous staining for mesothelial markers (especially D240 and
mesothelin) is not uncommon in adenocarcinomas.

Mesothelioma‐ glandular markers positive
BerEP4

CEA

MOC31

Immunohistochemistry‐ Calretinin
• While Calretinin is a very useful mesothelial marker,
in some studies Calretinin expression is reported in
up to 30% of adenocarcinomas;
• Calretinin is positive in basal‐phenotype breast
carcinomas, which are also CK5/6 positive and ER/PR
negative ‐ easy to confuse with mesothelioma.

Immunohistochemistry ‐ phenotyping
• Mesothelioma is virtually never positive for TTF1.
• Pleural mesothelioma is virtually never positive for PAX8.
• In pleural fluid, BAP1 loss in an epithelial malignancy is a
strong indicator of mesothelioma (although isolated cases of
BAP 1 loss are described in carcinomas of other sites
including lung, breast, ovary, stomach).

Atypical mesothelial cells
• Cytological and/or architectural atypia, but insufficient for malignant diagnosis
on morphology alone.
• EMA positive cytoplasmic, but not clear membranous staining.
• Role for BAP1 IHC and CDKN2A FISH
EMA

BAP1

An approach to atypical mesothelial cells

Monaco et al. Recent Advances in the Diagnosis of Malignant Mesothelioma: Focus on Approach in Challenging
Cases and in Limited Tissue and Cytologic Samples. Adv Anat Pathol. 2018;25(1):24-30.

BAP1 IHC and CDKN2A FISH

BAP1‐ fascinating story of discovery
• ‘Epidemic’ of mesothelioma in Cappadocia, Turkey; in three
villages up to 50% of all deaths caused by mesothelioma.
• Caused by the interaction between genetic predisposition
and environmental exposure to erionite (a fibrous mineral).
• Resulted in abandoning villages in Turkey and resettling new
areas;
• Led to investigation of erionite USA; in N. Dakota roads and
playgrounds paved with gravel containing erionite;
• Discovery of the BAP1 gene ‐ now firmly linked to a genetic
tumour predisposition syndrome characterized by increased
susceptibility to mesothelioma, uveal and cutaneous
melanoma, benign melanocytic tumours, as well as several
other cancers.

The Cappadocia mesothelioma
epidemic: its influence in Turkey
and abroad. Ann Transl Med.
2017; 5(11):239.

BAP1 (BRCA1 associated protein‐1 gene)
• Tumour suppressor gene (3p21)
involved in regulation of
transcription factors, repair of DS
DNA breaks.
• Various mechanisms of
inactivation.
• Loss of expression by IHC: excellent
correlation with inactivation
regardless of mechanism.
• ~60% of epithelioid MPM.
• ? Better prognosis.
• Loss not yet seen in a benign
mesothelial process.

p16/CDKN2A (Cyclin dependant kinase inhibitor 2A, 9p21)
• Homozygous deletion of 9p21, the
locus containing the p16 gene, is the
most common genetic abnormality
in MPM.
• In mesothelial proliferations,
homozygous deletion has only been
found in malignancy.
• 22‐93% of MPM, more commonly
seen in sarcomatoid tumours.
• p16 IHC is not a reliable surrogate.
• ?worse prognosis

FISH‐ potential pitfalls
• Truncation, resulting in false
positive deletion signal patterns;
• Requires appropriate identification
of malignant cells to ensure
accurate counts;
• Appropriate cut‐offs;
• Technical issues such as poor
fixation and section thickness.
• Important for a tissue pathologist
to assess the morphology of the
specimen in conjunction with the
FISH.

BAP1 and CDKN2A FISH
• BAP1 and CDKN2A show specificity of 100% in distinguishing
malignant from benign mesothelial lesions, both in effusions and
tissues.
• BAP1 IHC and FISH have independent diagnostic value; combination
showed higher sensitivity (92.5 %) than BAP1 IHC and FISH used
alone.
• However, BAP1 and CDKN2A are not deleted or lost in all MPM, and
even when used together, negative results cannot confirm the benign
nature of the cells
Hida et al. BAP1 immunohistochemistry and p16 FISH results in combination provide higher confidence in malignant pleural
mesothelioma diagnosis. Pathol Int. 2016;66(10):563-570.

Arguments for and against cytological
diagnosis of mesothelioma

Arguments in favour of cytology
• Cheap / rapid
• Minimally invasive procedure
• Performed by non‐expert clinician
• Simple diagnosis to make
• Early diagnosis before mass lesion
• Accurate, no false positives
• Abundant material for ancillary tests

Arguments against cytology
• Low sensitivity
• Need expert pathologists
• Can’t demonstrate invasion
• No tumour typing
• Clinical trials
• Medico‐legal requirements
• Material for ancillary tests

Biopsies are essential in the diagnosis of some cases of
mesothelioma.
~60‐80% of mesotheliomas are epithelioid;
~75% of these can be diagnosed by cytology
HOWEVER; Biopsies are essential in the diagnosis of:
• Sarcomatoid / desmoplastic mesothelioma
• Epithelioid mesotheliomas which cannot be diagnosed by
cytology

Sensitivity of cytological diagnosis
• Wide range of reported sensitivity in the literature: 2% to 85%;
• With the advent of BAP1 / FISH CDKN2A sensitivity will increase
• BUT‐ variable sensitivity does not detract from the value of effusion
cytology; it is the accuracy / positive predictive value of the diagnosis that is
important;
False‐positive results are practically non‐existent.
• Overall, studies demonstrate sensitivity of ~45% : approximately half of cases
diagnosable by cytology.
• All cytologists accept there are cases where even when a fluid sample is full
of malignant mesothelial cells it is not possible to prove they are malignant‐ a
negative cytology result‐ like ANY negative result must be interpreted in the
given clinical/ imaging setting, and further investigated as clinically indicated.

Sensitivity: Results of 20 year audit of cytology
• Sensitivity: absolute 73%; (86% include atypical and suspicious).
• 100% positive predictive value of a malignant diagnosis
• 2 cases called mesothelioma instead of adenocarcinoma
• Both occurred prior to use of specific mesothelial markers
• Both correctly diagnosed when EM was performed on fluid sample

• No cases discovered where called malignant and not proven
• One case: 14 years between initial diagnosis and confirmation
Segal et al. A diagnosis of malignant pleural mesothelioma can be made by effusion cytology: Results of a 20 year audit. Pathology
2013;45:44‐8.

Need an expert: No ‐ Guidelines for cytological diagnosis of MPM
Hjerpe et al. Guidelines for cytopathologic diagnosis of epithelioid and mixed type malignant mesothelioma.
Complementary statement from the International Mesothelioma Interest Group. CytoJournal 2015;12:26

• In 2015 the International Mesothelioma Interest Group (IMIG)
issued a statement on the proper utilisation of cytology in the
diagnosis of malignant mesothelioma; endorsed by the
International Academy of Cytology and the Papanicolaou Society
of Cytopathology.
• Provides comprehensive information regarding all aspects of
cytological diagnosis.
• Specific diagnosis of MPM can be made with a high degree of
sensitivity and accuracy.

Tumour typing: Comparison of outcomes of cytological vs
histological diagnosis
• 2024 mesothelioma cases
identified over 42 years.
• Survival of cytologically
and histologically
diagnosed epithelioid MM
cases does not differ.
Muruganandan et al. Br J Cancer 2017

Sub‐typing by biopsy
• Pleural biopsy: a reliable method for determining the diagnosis,
but not subtype in mesothelioma.
Bueno et al. AnnThorac Surg. 2004;78(5):1774‐6.

• Accuracy of diagnostic biopsy for the histological
subtype of malignant pleural mesothelioma.
Kao et al. J Thorac Oncol. 2011; 6(3):602‐5

• 44% (45/103) with diagnosis of non‐
epithelial subtype at resection were
initially misdiagnosed with the epithelial
subtype.

• The overall subtype misclassification
rate was 20%.
• Biopsy by thoracotomy was most
accurate in subtype classification
(83%), compared with thoracoscopy
(74%) and computed tomography‐
guided procedure (44%).
• The determination of histological
subtype from a diagnostic biopsy is
difficult due to sampling error.

Invasion
• Cytology never demonstrates invasion; e.g. bronchial washing diagnosis of SCC
does not distinguish SCC in situ from invasive SCC ‐ requires correlation with
imaging.
• Pathologists can diagnose malignant mesothelial cells in pleural fluid; the
pathologist is not trying to Stage the disease.
• Requirement for invasion has been grossly misinterpreted by some
pathologists ‐ cores of pure tumour from a large mass – not called
mesothelioma because ‘no invasion identified’.
• Entrapment can be misinterpreted as invasion in biopsy samples.
• Invasion can be viewed as one of several indicators of malignancy‐ but not an
essential requirement in every case.

Mesothelioma in situ

Mesothelioma in situ
• “..surface mesothelial proliferations with loss
of BAP1 and loss of CDKN2A by FISH,…
presumably represent malignant
mesothelioma in situ. More cases are needed
to understand the frequency of such changes
and the time‐course over which invasive
tumour develops”. Churg, 2018
• Often EMA positive.
• In situ / early mesothelioma accounts for
some of the cases diagnosable by cytology,
before any mass lesion can be identified.

EMA

Arguments against cytology
• Low sensitivity‐ Not a reason to abandon the test; no false positives.
• Need expert pathologists‐ No‐ usually simple diagnosis; detailed published guidelines;
• Need a biopsy for typing ‐ biopsies not always accurate; outcome of MPM diagnosis in
fluid is equivalent to outcome of epithelioid mesothelioma on biopsy.
• Need a biopsy to enrol in a trial – Why? question the trial.
• Need a biopsy for ancillary tests‐ No; far more neoplastic cells in an effusion sample,
suitable for all testing, including molecular; constant detection of new significant
molecular abnormalities.
• Need to demonstrate invasion‐ why?
• Cytology diagnoses malignancy, never invasion; why is pleura different?
• Correlate with imaging/clinical for extent of invasion.
• In situ disease now accepted, even by histopathologists.

Another reason why cytological diagnosis is important…
• Cytological diagnosis is possible before any evidence
of a mass lesion:
Early diagnosis‐ early disease ‐ early treatment – best
chance of possible cure in the future??

The world is changing…..
A recent survey of U.S. hospitals, without regard to
their size and experience, showed that 66% of their
cytology laboratories issue a diagnosis of malignant
mesothelioma in their daily clinical practice

Paintal AK. Raparia, et al. "The diagnosis of malignant mesothelioma in effusion
cytology: a reappraisal and results of a multi‐institution survey." Cancer Cytopathol,
2013;121(12):703–707.

Summary‐
• There is no doubt mesothelioma can be diagnosed by effusion cytology
• Effusion cytology diagnosis is reliable, accurate, cheap, easy and minimally
invasive. Diagnosis continues to evolve as new techniques are developed.
• Clinicians need to know that this is a completely acceptable option for
diagnosis, and in most patients is the only material needed for all management
decisions.

• Pathologists should not be telling clinicians they need a biopsy in
every case; claiming the need for “tissue biopsy confirmation” of a
cytological diagnosis of malignant mesothelioma should be a thing
of the past.

Acknowledgements:
Pathologists and laboratory staff, PathWest QE2
Drs Ming Chai, Chris Van Vliet, Greg Sterrett, Felicity Frost.
Dr Darrel Whitaker 1940‐2007

