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NEW ASPECTS

New nomenclature: Mesothelioma

The advent and acceptance of Mesothelioma In Situ
WIS

Nuclear grading originally based on cytomorphologic
criteria are mandatory now on histology

Concordance between cytology and histology will be
shown

Molecular markers and immunophenotyping—
increase the diagnostic accuracy both in cytology and
histoplogy



Mesothelioma

Caused by asbestos anad
other inhalled
fibrous minerals

Asbestos 80%
Erionite 100x more carcinogenic

Found in volcanic ash/building
stones in central Anatolya/Turkey

Nano-tubes

All elicit similar long
standing chronic inflammatory
reactions



Global incidence of mesothelioma by sex, all ages, in 2020
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Trends and risk factors

* The greatest disease burden of mesothelioma was found in
Northern Europe, Australia and New Zealand, and Western Europe.

* There was a substantial declining incidence trend of mesothelioma

in the past decade possibly related to the restriction of the use of
asbestos in some countries.

* Increasing trend in mesothelioma incidence was observed in females
that might be indicative of an increase in environmental exposure to
mineral fibers.



Histological classification
WHO 2021

Epithelioid

Biphasic

Sarcomatoid

Differences unexplained
by classification

2-10%

39-81% 19-61%

Differences explained
by classification

Four axes molecular classification
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WHO definition of Mesothelioma in Situ

A pre-invasive single layer surface proliferation of neoplastic mesothelial cells
1. Non-resolving pleural effusion.
2. No thoracoscopic or imaging evidence of tumour.

3. Single layer of atypical mesothelial cells on pleural surface

4. Loss of BAP1 and/or MTAP by IHC and/or CDKN2A (p16) homozygous deletion
by fluorescence in situ hybridisation (FISH).

5. Multidisciplinary discussion of diagnosis is required.

6. No histological features of invasive growth.


https://www-sciencedirect-com.proxy.kib.ki.se/topics/medicine-and-dentistry/mesothelial-cell

The cytological features of effusions with mesothelioma in situ: Case 1
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Diagnostic Cytopathology, Volume: 51, Issue: 6, Pages: 374-388, First published: 21 March 2023, DOI: (10.1002/dc.25129)



The cytological features of effusions with mesothelioma in situ: Case 2: A 59-year-old man with a history of asbestos
exposure

Effusion 2003

Effusion 2011
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Diagnostic Cytopathology, Volume: 51, Issue: 6, Pages: 374-388, First published: 21 March 2023, DOI: (10.1002/dc.25129)



The cytological features of effusions with mesothelioma in situ: Case 3: A 74-year-old man with history of asbestos
exposure

Loss of nuclear BAP1

VATS with pleurectomy AE1/AE3

and decortication

Diagnostic Cytopathology, Volume: 51, Issue: 6, Pages: 374-388, First published: 21 March 2023, DOI: (10.1002/dc.25129)



Recurrent molecular alterations in Mesothelioma

CDKNZ2A 45-100% (HoD, HeD, M) (Bott et al. 2011, Takeda et al. 2012,
Matsumoto et al. 2013, Cosmic database for mutations)

BAP1 20-81% (Bott et al. 2011, Yoshikawa et al. 2012 )

NF2 20-50% (HoD, HeD, M) (Takeda et al. 2012, Thurneysen et al. 2009, Bott et
al. 2011)

Chromosomal losses in 1p, 3p, 9p, 229 (Jean et al. 2012)

Chromosomal gains in 1q, 5p, 7p, 8q, and 179 (Jean et al. 2012)



Not deleted

Deleted
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Grading of Mesothelioma

Nuclear Atypia Score: mild (1), moderate (2), severe (3)
Mitotic Count: 0-1/2 sg. mm (1), 2—4 mitosis/2 sq. mm (2), > 5/2 sgq. mm (3)

Necrosis: present (1) or absent (0)

3-tier Nuclear Grade

*Sum of nuclear atypia and mitotic count

Grade I: Sumof 2 or 3
Grade Il: Sumof4 or5
Grade Ill: Sum of 6

2-tier Grade

*Low grade: grade | and Il tumors without necrosis

*High grade: grade Il with necrosis and grade Ill with or without necrosis




Nuclear atypia

Moderate Severe



Architectural patterns, cytological features and stromal
characteristics of epithelioid mesothelioma

Pattern/features

Favourable

Unfavourable

*Architectural patterns

*Tubulopapillary
*Trabecular
*Adenomatoid
*Solid
*Micropapillary

*Architectural patterns
*Tubulopapillary
*Trabecular
*Adenomatoid

*Architectural patterns
*Solid (> 50%)
*Micropapillary

*Cytological features
*Rhabdoid
*Deciduoid
*Small-cell
*Clear-cell

*Signet ring
*Lymphohistiocytoid
*Pleomorphic

*Cytological features
*Lymphohistiocytoid
*Low nuclear grade

*Cytological features
*Rhabdoid
*Pleomorphic
*High nuclear grade

*Stromal features
*Myxoid

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

Necrosis (included in grading)




Architectural pattens in paired cytology and surgical specimens of epithelioid pleural mesothelioma

Li et al. Cancer Cytopathology
Volume 131, Issue 8 pp. 495-506



https://acsjournals.onlinelibrary.wiley.com/journal/19346638
https://acsjournals.onlinelibrary.wiley.com/toc/19346638/2023/131/8

Pleomorphic features in both cytology and surgical pathology

Li et al. Cancer Cytopathology
Volume 131, Issue 8 pp. 495-506



https://acsjournals.onlinelibrary.wiley.com/journal/19346638
https://acsjournals.onlinelibrary.wiley.com/toc/19346638/2023/131/8

(s
©
h
iy
o
(D)
(¥
o
(7))
c
(D]
£
(&)
(D)
o
(7))
>
(@)
O
2
© £
o o
I lo)
O
dd
2!
US
n O
= €
nI
c O
-
>0
o o
@)
'}
>
(@)
@)
(D]
=
G
o
£
n

Tumor necros

-
e iy
3 s,

<=
O,
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Volume 131, Issue 8 pp. 495-506



https://acsjournals.onlinelibrary.wiley.com/journal/19346638
https://acsjournals.onlinelibrary.wiley.com/toc/19346638/2023/131/8

Concordance between cytology and histology

e Interpretation of nuclear atypia in cytology was concordant
with histology in all cases (k = 1.000; p <.001).

* Pleomorphic features were concordantin 97.1%
(k =0.842; p <.001)

« Necrosis was concordant in 85.7% (k = 0.481; p = .001) of
paired cases,
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Mesothelioma in effusions

e Recurrent haemorrhagic effusions often precede 1 to 9 month the

histology
 Effusions represent the first available biological material for diagnosis

* Advances in molecular and ancillary approaches make the diagnosis
possible, safe and reproducible based on effusion cytology

* The Cytologic and Histopatologic guidelines describes how this can be

achieved
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Requirements for the diagnosis

1. Identification of cells as malignant

2. Determine that the malignant cells have mesothelial
origin

3. Specificity is the crucial measure

* 100% positive predictive value



Management of cytological material in effusion

cytopathology
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Cytopathology, Volume: 30, Issue: 1, Pages: 31-38, First published: 15 November 2018, DOI: (10.1111/cyt.12654)



Cytologic and architectural features of
mesothelioma

Highly cellular smears composed of mesothelial cells (cells with dense
cytoplasm with pale rim / ectoplasm, displaying a narrow space in between cells
when grouped

Architecture atypia: large tissue fragments or cell clusters (papillary, morules,
spheres) with numerous cells per cluster; can also present as single cells or
mixture of architectures

Cytologic atypia: nuclear enlargement and pleomorphism, irregular nuclear
contours, macronucleoli, frequent binucleation or multinucleation, atypical mitosis)
with intermediate to high grade features; cytologic atypia of mesothelioma can
overlap with reactive mesothelial cells

Ancillary techniques: immunostains or FISH (p16 / CDKN2A)



Cytological features

* High cellularity

« Large number of cell 5 # ™.
R C Xda
groups (spheres or morula) -

The granular
background in MGG
IS hyaluronan
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Extracellular matrix cores
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HE & MGG

EMA +

Desmin -

Sulaf Abd Own et al.
Diagnostic Cytopathology, Volume: 49, Issue: 5, Pages: 606-614, First published: 12 February 2020, DOI: (10.1002/dc.24395)



Calretinin +

Berep4 -
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BAP mutations cause truncations and

loss of the NLS motif which sequesters

BAP1 in the cytoplasm

% of BAP1 mutations

80 70 60 50 40 30 20 10 0
T T ey ) <
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UM (metastatic)
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ccRCC
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Acinar cell carcinoma

BAP1 +/-
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BAP1 truncations

Loss of BAP1 nuclear localization

Nuclear import

Cytoplasm Nucleus




The role of BRCAl-associated protein 1 (BAP-1) in the diagnosis of
mesothelioma in effusion and fine-needle aspiration cytology
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Diagnostic Cytopathology, Volume: 47, Issue: 3, Pages: 160-165, First published: 06 December 2018, DOI: (10.1002/dc.24061)



CDKNZ2A (p16) homozygous deletion

by fluorescence in situ hybric
(FISH).

10 um

Isation

Chromosome 3, Chromosome 7

C. Flores-Staino et al. 2010 Lung Cancer



Diagnostic Categories

Nondiagnostic (ND):
Risk of malignancy: 17% (=% 8.9%)

Negative for malignancy (NFM):
Risk of malignancy: 21% (=% 0.3%)

Atypia of undetermined significance (AUS):
Risk of malignancy: 66% (= 10.6%)

Suspicious for malignancy (SFM):
Risk of malignancy: 82% (% 4.8%)

Malignant (MAL):
Risk of malignancy: 99% (£ 0.1%)

Diagn Cytopathol 2019;47:1145, Chandra: The International System for Serous Fluid
Cytopathology, 1st Edition, 2020



https://www.ncbi.nlm.nih.gov/pubmed/31301215

International system for reporting serous fluid cytopathology

*Nondiagnostic (ND):Risk of malignancy: 17% (=% 8.9%) (piagn Cytopathol 2019;47:1145)

«Adequacy should always be assessed:

« Volume of fluid: nondiagnostic category can only be used after adequate
amount of fluid has been processed (there is no specific cutoff but volume < 50
mL might not be enough to exclude malignancy; higher volumes of liquid yield
lower rates of nondiagnostic cases) (cytopathology 2011;22:179)

« Cellularity: a specimen can be nondiagnostic if there are not enough cellular
elements of interest

 criteria might vary depending on the pathologic process (e.g. a specimen with
prominent acute inflammation and scant mesothelial cells may be adequate if
the clinical suspicion is empyema)

« Quality of preparation: poor cell preservation, degeneration, hemorrhage,
artifacts and contaminants can impair interpretation

Haemolysis improves the diagnostic yield!
*Explanation for the lack of adequacy should be provided in the report

*If the specimen meets criteria for other categories (e.g. significant atypia), it should not
be classified as nondiagnostic, regardless of volume / cellularity


https://www.ncbi.nlm.nih.gov/pubmed/31301215
https://www.ncbi.nlm.nih.gov/pubmed/20636404

Effusion cytology of malignant mesothelioma
enables earlier diagnosis and recognizes
patients with better prognosis
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Consequences for the patients

Mesothelioma in situ —active survilence is needed

Early diagnosis matters —gives a therapeutic window

New treatments are emerging —doulble Immuno therapy for younger individuals
with good performance status

Molecular testing: BAP-1 and FISH homozygous detection of CDKN2A are necessary
for a definitive malignant diagnosis



Moving Beyond Morphology: Toward a Morpho-Molecular Classification of Pleural Mesothelioma

Drevet et al 2026

J of Thoracic Oncology

Tumor immune

interaction
Cell Acinar
division morphology
CIMP axis
e A

Diagnosis

GNH detection by flow
cytometry (unusual
phenotypes)

Epitheloid morphology
Sarcomatoid morphology
Biphasic morphology

Immunochemistry for:
% of sarcomatoid;
markers of adaptive
response

CpG island methylation
5 gene methylation panel
(PM vs benign effusion)

Worse

CDKN2A deletion

1 VEGFR1, VEGFR3
1 VEGFC, PDGFRB
S-like

CIMP high

Prognosis

Better

High level of immune
infiltration

BAP1 alterations

T VISTA

1 VEGFR2

1 CD34

1 Amphiregulin
E-like

CIMP low

Therapeutics

()

Lentiviral SETDB1
restoration (GNH) with
chemotherapy®

Immunotherapy in hot
phenotypes’

PARP inhibitors (BAP1
germline mutations)™
EZH2 inhibitors (BAP1
mutations)”™

CDK4/CDK®6 inhibitors
(CDKN2A deletion)™®”

VISTA targeted
therapies®*¢
VEGF targeted therapies®

PARP inhibitors
(CIMP low)®*7°
EZHZ inhibitors
(CIMP high)™
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