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In occaslione della presentazione dell'ultimo report periodico del casi di mesotelioma incidenti
nel territorio di Brescia e provincia (IX rapporto), ATS Brescia propone un confronto tra
specialisti a vario titolo coinvolti nel percorso, dalla etiologia, alla diagnosi clinica, alla terapia,
al riconoscimento previdenziale.
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The management of malignant mesothelioma remains controversial,
though many common themes have emerged after several decades of expe-
rence, including earlier diagnosis, the use of multimodal therapy, and the
collaboration between medical centers with expertise in mesothelioma treat-
ment to organize multicenter trials. There is no clear consensus on the treat-
ment of malignant pleural mesothelioma, in contrast to the treatment of
most other tumors. The need to find effective treatment is crucial, given the
dramatically increasing incidence of mesothelioma in most western coun-
tries. This trend 1s expected to peak around the year 2020. It is estimated
that mesothelioma deaths in men will double over the next 20 years [1].

With the new improved staging system, it may be casier to decide the best
therapeutic options after delineating the extent of disease. Mesothelioma
tends to remain confined to the pleural space early in its course and can
remain confined for long periods of time, making it suitable for radical sur-
gery (Figs. 1-3). For patients with stage I tumors and good performance sta-
tus, pleuropneumonectomy combined with chemotherapy and radiotherapy
provides the best chance of prolonged survival Similarly, a subset of
patients with epitheloid histology but advanced stages may still have some
added benefit of pleuropneumonectomy. Debulking pleurectomy and decor-
tication combined with adjuvant therapy is a worthwhile alternative for
patients with more advanced disease, impaired performance status, or
tumors of less favorable histology (sarcomatous or biphasic); however, fur-
ther investigation 15 required to determine the optimum combination.
Recent evidence indicates that neither radiotherapy nor chemotherapy offers
worthwhile prolonged disease control when used in isolation, although both
have an important role as part of multimodal therapy.




Table 1, 2015 WHO Classification of Mesothelioma

Type Description
- Diffuse malignant
» mesothelioma
- Epithelioid Compesed of rounded rather than spindle-
mesothelioma shaped cells usually showing a cohesive
architecture, although epithelicid cells
can show single cell growth within fibrous
stroma.

Sarcomatoid Composed of spindle-shaped (greater than
mesothelioma, two times longer than wide). The spindle
including cells may lie in varying amounts of
desmoplastic fibrous stroma, or they can form solid
variant sheets.

Biphasic Showing at least 10% of both epithelioid

‘ mesothelioma and sarcomatoid morphology. This rule is

limited to definitive resections, namely,
extended EPD and EPP. For smaller
samples, until more data are collected,
the group proposes that the diagnosis of
“biphasic” can be rendered regardless of
the percentages of each component
present and that the diagnosis should be
accompanied by a comment indicating
the percentages of each component.
‘ Localized malignant
mesothelioma
Epithelicid
mesothelioma
Sarcomatoid
mesothelioma
Biphasic
mesothelioma
Well-differentiated A rare localized mesothelial neoplasm
papillary characterized by an exophytic papillary
mesothelioma architecture lined by relatively bland
mesothelium with no or only minimal
areas of invasion. Diagnosis requires
exclusion of diffuse malignant
mesothelioma with papillary
architecture.
Adenomatoid tumar

Adapted from the WHO Classification of Tumours of the Lung, Pleura, Thymus
and Heart.'




Nicholson et al

Table 2. Proposed Changes to Subtyping of Mesot helioma

Diffuse malignant mesothelioma®
Epithelioid malignant mesothelioma
Architectural patterns (Give percentages for EPDVEPP and
doument pattems present for all other samples)
Tubu lopapillary
Trabecular
Adenomatoid
Microcystic
Solid
Micropapillary
Transitional pattern™
Pleomorphic™
- Cytologic features (Give percentages for EPD/EPR For all other
samples, state “with ... features present”)
Fhabdoid
Deciduoid
Small cell
Clear cell
Signet ring

Lymphohistiocytoid™
- Stromal features (Give percentages for EPD/EPP. For all other

samples, state “with ... features present”)
Mopooid
‘ Samcomatoid malignant mesothetioma | Give percentages for EPDJ
EPR For all other samples, state “with ... features present”)
Desmoplastic
‘With hetemlogos differentiation
Lymphohistiocytoid*
Transitional pattern”
Pleomorphic”
Bip hasic malignant mesothelioma (For EPDVEPP, any combination
‘ of patterns of epithelioid and sarcomatoid mesathelioma with at
least 10% of each component. For all other samples, the
consensus was to propose that the diagnosk of “biphasic” can be
made regardless of percentages of each component and to
include a comment indicating the percentages of each
component in the sample. )
Localized malignant mesothelioma (Any of the above subtypes may
be present, with tumor limited to an solated mas lesion)
‘Well- differentiated papillary mesothelioma
Adenomatoid tumor

Journal of Thorocic Oncology  Vol. 15 No. 1

PR, extraplewral  pnewmonectomy; EPD,  extended  pewectomy’
decarticatian,

“Same architecdural pattems and cytologic and stromal festures ane
inpartant for prognastic significance whisess same are indluded anly far
clarity toavoid pathology misdisgneases. When generating reponts, plese
nate that multiphe architsctural pattems and et ologic and s tramal Teslures
may be present in g tumar and all pattemsfMTeaturnes seen in & tumar should
be included in the reparn .

S lassification of tram itional and pleomaorphic pattenms i cament by dificult
dhue 1o limited dats svailshie, Thersfone, the consensus & to include tran-
sitional and pleamanphic pattems under both epitheliold and sarcomatoid
types unt il mare dats emergs.

Histioeytaid refers to morphalagy of actusl tumour cells, nol the presence
af backgr ound macrophages.

January 2020 Histologic classification of mesothelioma

Table 3. Definitions for Architectural Patterns, Cytologic Features and Stromal Characteristics in Pleural Mesothelioma

Histologic pattems

. Tubular: Round to oval spaces surrounded by a single layer of malignant epithelicid cells.

. Papillary: Malignant epithelioid cells growing over a fibrovascular core.

. Tubulopapillary: In many cases, tubular and papillary patterns are seen together.

. Trabecular: An interconnected single or dual linear arrangement of malignant epithelioid cells

. Solid: An architectural feature comprising continuous sheets of malignant epithelioid cells.

. Micropapillary: Small groups of epithelioid cells forming a papillary structure, but lacking a fibrovascular core. Micropapillary can also
include a single cell pattern.

G. Adenomatoid: A pattern of malignant mesothelioma composed of gland-like structures lined by flat to cuboidal malignant epithelioid

cells resembling adenomatoid tumeor.

H. Microcystic: A cribriform network of malignant epithelioid cells with small acinar spaces forming round holes like a sieve.

Cytologic features

I. Pleomarphic: Tumor cells show marked nuclear atypia, often with bizarre nuclei and tumour giant cells.

J. Transitional: Tumor cells are intermediate between epithelioid and sarcomatoid morphologies, having lost their rounded morphology
but not being overtly sarcomatoid.

K. Rhabdoid: Tumor cells resemble those seen in rhabdomyoblastic tumars, typically with a cytoplasmic eosinophilic globule that is positive
for cytokeratins and generally negative for muscle markers.

L. Deciducid: Tumors cells have a significant excess of richly easinophilic cytoplasm resembling the decidua from the placenta. This carries
no prognostic significance as a cytologic feature, but is important for avoiding misdiagnosis.

M. Small cell: Small hyperchromatic tumor cells morphologically resembling small cell cardnoma, but showing a mesothelial phenotype.
This carries no prognostic significance but is important for avoiding misdiagnosis.

M. Clear cell: Tumor cells with clear cytoplasm. This carries no prognostic significance, but is important so metastatic clear cell carcinoma
is not incorrectly diagnosed.

0. Signet ring: Tumor cells with intracytoplasmic vacuoles pushing the nucdeus to the side. This carries no prognostic significance in
mesothelioma, but is important so metastatic signet ring carcinomas from other sites are not incorrectly diagnosed.

P. Lymphohistiocytoid: This feature is seen in predominantly sarcomatoid mesothelioma where the neoplastic cells are histiocytoid in
appearance but are obscured by a prominent infiltrate of lymphocytes. The morphology raises the differential diagnosis of malignant
lymphoma. This definition requires that the actual tumour cells resemble histiocytes and does not simply represent prominent lym-
phocytic infiltration in an epithelioid mesothelioma. Focal lymphohistiocytoid features occur in otherwise conventional sarcomatoid
mesotheliomas.

Stromal features
Q. Myxoid: Tumour cells lie within a pale hematoxyphilic muceid stroma. This should be noted when = 50% of a tumor with < 50% solid
component shows this feature.

R. Desmoplastic: A sarcomatoid mesothelioma with prominent dense hyaline fibrous stroma, haphazard dlit-like spaces, bland collagen
necrosis, cellular proliferation nodules and invasive growth.

5. Heterologous elements: Sarcomatous elements such as osteosarcoma (as seen in figure), chondrosarcoma and rhabdomyosarcoma.

L =Nl =

“Table 3 defines elements shown in Figure 2.

Journal of Thoracic Oncology 2019
Vol. 15 No. 1: 29-49



Table 4. Grading of Pleural Epithelioid Malignant Mesothelioma

Nuclear Grade:

Nuclear atypia score: (1 for mild, 2 for moderate, 3 for severe)

Mitotic count: ____ (1 for low [<1 per 2mm?], 2 for intermediate [2-4 per2mm?], 3 for high [5+ per 2mm?])
Sum: (2 or 3 = nuclear grade |, 4 or 5 = nuclear grade Il, 6 = nuclear grade Ill)

Necrosis: Present / Absent
Low-grade = Nuclear grades | and Il without necrosis
High-grade = Nuclear grade Il with necrosis, Nuclear grade Ill with or without necrosis
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Nuclear grade and necrosis predict prognosis
in malignant epithelioid pleural mesothelioma:
a multi-institutional study
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Mesothelioma or Carcinoma or what else ?
Cyto-histological Diagnhosis
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Two mesothelial markers
Two «carcinoma» markers
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Abstract

The 2015 WHO classification of pleural mesotheliomas includes three major histologic subtypes—epithelioid, sarcomatoid, and
biphasic. Recent genomic data has supported the need for a more granular and clinically valid classification beyond the three
current subtypes. Because of tumor rarity and overlapping histologic features with other tumor types, diagnostic immunohisto-
chemical work up is essential component in establishing the final diagnosis of mesothelioma. The use of BAP1 and CDKN2A/
MTAP improves the diagnostic sensitivity of effusion specimens and are valuable in establishing the diagnosis of epithelioid
mesothelioma. The major change in the forthcoming WHO classification is the inclusion of mesothelioma in situ as a diagnostic
category. In this review, we discuss recently proposed changes in the histologic classification of pleural mesothelioma,
differential diagnosis, and importance of ancillary diagnostic studies.

Keywords Mesothelioma - Pleura - Histologic classification
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TABLE 2 ical markers used in the diff diagnosis between epithelioid malignant mesothelioma and carcinoma
Markers Spe Y
Mesothelial markers
Calcetinin 81-100 88-100 Very useful. Can be positive in 19-57% of adenocarcinomas. Expressed in
38% of triple negative breast carcinoma
Podoplanin/D2-40 83-100 49-100 Very useful Can be positive in 7% ovarian (weak membranous) and 50% of
scC
wr1 >90 Variable Not useful in ial diagnosis with Muleris i i
Very useful in other settings. Can be positive in 20-23% of metastatic
adenocarcinomas
HEG1 99 92 Very usetul; However, can be positive in 28.6% of ovarian carcinomas
CX5/6 90-100 Variable Not useful in the differential diagnosis with squamous cell carcinoma or

urothelial carcinoma
Otherwise. somewhat useful. Can be positive in 48% of metastatic
cardnoma, 10-58% of adenocarcinoma, 43-65% of pulmonary

adenocarcinoma
GATAZ 58 Variable Not useful in the differential diagnosis with breast, urothelial and
squamous cell carcinomas
Most gical specimens.
mesothelioma versus carcinoma
Carcinoma markers
Caudin4 85-99 100 Very wseful
MOC31 70-100 97 Very useful. Can be positive in 5-53% in MM
BerEP4 76-94 %0 Very useful May be focally expressed in up to 20% of mesotheomas
8723 69-94 95 Very useful Very few mesotheliomas may be positive
CEA monoclonal Variable 90-100 Not useful in the differential diagnosis of endometrial, non-mucinous
ovarian, papilary thyroid, urotheial, breast and prostate carcinomas, and
well-differentiated neuroendocrine tumors (these are negative for CEA)
Very useful otherwise
EMA (cytoplasmic) 90-100 86-100 Useful. Mesotheliomas display membranous staining with EMA
€x20 Variable Variable Very useful in the differential diagnosis with CK20-positive carcinomas ie

colorectal)
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Abstract

The 2015 WHO classification of pleural mesotheliomas includes three major histologic subtypes—epithelioid, sarcomatoid, and
biphasic. Recent genomic data has supported the need for a more granular and clinically valid classification beyond the three
current subtypes. Because of tumor rarity and overlapping histologic features with other tumor types, diagnostic immunohisto-
chemical work up is essential component in establishing the final diagnosis of mesothelioma. The use of BAP1 and CDKN2A/
MTAP improves the diagnostic sensitivity of effusion specimens and are valuable in establishing the diagnosis of epithelioid
mesothelioma. The major change in the forthcoming WHO classification is the inclusion of mesothelioma in situ as a diagnostic
category. In this review, we discuss recently proposed changes in the histologic classification of pleural mesothelioma,
differential diagnosis, and importance of ancillary diagnostic studies.

Keywords Mesothelioma - Pleura - Histologic classification

Table 2 Pitfalls of common immunohistochemical markers used in the workup of mesothelioma

Immunostain Diagnostic utility Pitfalls
Calretinin* Positive in up to 100% of EM (cytoplasmic + nuclear) Up to 40% of SCC positive (usually focal), breast ca
D2-40* Positive in up to 100% of EM (membranous) Positive in vascular tumors; up to 50% of SCC
CKs/6* Positive in up to 100% of EM (cytoplasmic) Positive in squamous carcinoma
WT-1%* Positive in up to 95% of EM (nuclear) Positive in ovarian tumors, DSRCT, melanoma
Glycoprotein markers Positive in carcinomas Individual markers may not be positive in all
(CEA, Leu-M1, MOC-31, B72.3, carcinomas; variable amount of positive staining
BER-EP4, Claudin-4) (overall 10% or less, usually focal) in mesothelioma
GATA-3 Positive in breast and urothelial carcinomas Positive in up to 50% of EM and 80-100% of SM

*Immunostains typically positive in EM may be negative or only weakly positive in the sarcomatoid variant; SCC, squamous cell carcinoma
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Claudin 4 identifies a wide spectrum of epithelial neoplasms
and represents a very useful marker for carcinoma versus
mesothelioma diagnosis in pleural and peritoneal biopsies

and effusions
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Abstract We evaluated the usefulness of the tight-junction
associated protein Claudin 4 (CL-4) in the diagnosis of
mesothelioma and mimickers, analyzing biopsies from 454
tumors, including 82 mesotheliomas, 336 carcinomas of
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ORIGINAL ARTICLES

Usefulness of Claudin 4 in the
Cytological Diagnosis of Serosal

Effusions

Silvia Lonardi, B:s,” Calogero Manera, 8s., Raffaella Marucci, 8.s., Amerigo Santoro, m.o.,

Luisa Lorenzi, m.o., and Fabio Facchetti, mo., pho.

The identification of metastatic cells in serous effusions has
prognosiic and therapeutic implications, thus leading to a con-
tinuous search for improvement of the existing diagnostic proce-
dures, including immunocytochemistry. To evaluate the useful-
ness of an antibody recognizing the tight junction-associated
protein Claudin 4 in detecting metastatic tumor cells and in the
differential with reactive and neoplastic mesothelium, we stained
345 cases of benign and neoplastic serous effusions obtained
from pleura, peritoneum, and pericardium. Two-hundred and
twenty-eight of 230 cases (99.1%) of epithelial metastasis of dif-
ferent origin were strongly stained by anti-Claudin 4, whereas

different origin (278 primary, 58 metastatic to serosae), 36
nonepithelial spindle cell neoplasms, as well as 97 cytological
samples from reactive effusions (12), mesothelioma (23) and
metastatic carcinomas (62). CL-4 was consistently negative in
normal and reactive mesothelium, as well as in all 82

_of _reactive. mesoth alionant mesothe-
‘:J_éfgﬁ‘l[ne.’-wﬂﬂ-; 251) -.ﬂya;m;{ef- S

mesotheliomas. In contrast, strong reactivity was found in
57/58 serosal metastasis, and in 245/278 primary carcinomas,
with uppermost expression (150/153) in those most frequently
involved in the differential with mesothelioma (lung, breast,
gastrointestinal tract, pancreas, ovary, primary serous papil- =B LF
lary carcinoma of peritoneum). On effusions, reactive and
neoplastic mesothelial cells were regularly negative, while
metastatic tumor cells stained positively in 60/62 (96.8%)
cases. Among spindle cell neoplasms, only 2/9 biphasic

Claudin-4 in mesothelioma diagnosis

DOL: 10.1111/1.1365-2559.2007.02743 x

@ 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd, Histopathology, 51, 258-285.




Table 1. Reactive Mesothelial Hyperplasia Versus Mesothelioma

Mesothelial Hyperplasia Mesothelioma

Table 2. Fibrous Pleurisy Versus Desmoplastic Mesothelioma®

* Absence of stromal invasion (beware of entrapment and * Stromal invasion usually apparent (highlight with pancytokeratin
en face cuts) staining)

* Cellularity may be prominent but is confined to the * Dense cellularity, including cells surrounded by stroma
mesothelial surface/pleural space and is not in the stroma

* Simple papillae; single cell layers

* Complex papillae; tubules and cellular stratification
* Loose sheets of cells without stroma

* Cells surrounded by stroma (“bulky tumor” may involve the
mesothelial space without obvious invasion)

* Necrosis rare * Necrosis present (occasionally)

* Inflammation common * Inflammation usually minimal

* Uniform growth (highlighted with cytokeratin staining) * Expansile nodules; disorganized growth (highlighted on

cytokeratin staining)

Usually Not Useful

Fibrous Pleurisy Desmoplastic Mesothelioma

* Storiform pattern not prominent * Storiform pattern often prominent
* Absence of stromal invasion * Stromal invasion present (highlight with pancytokeratin staining)
* Necrosis, if present, is at the surface epithelioid mesothelial * Bland necrosis of paucicellular, collagenized tissue
cells (where there is often associated acute inflammation)
* Uniform thickness of the process * Disorganized growth, with uneven thickness, expansile nodules,
and abrupt changes in cellularity
* Hypercellularity at the surface with maturation and * Lack of maturation from the surface to the depths of the process
decreased cellularity deep (so-called zonation)

* Perpendicularly oriented vessels * Paucity of vessels, without orientation

Usually Not Useful

* Mitotic activity
* Mild to moderate cytologic atypia

* Cellularity
* Atypia (unless severe)
* Mitotic activity unless numerous atypical mitotic figures
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BAP1 (BRCA1-associated protein 1)

is a highly specific marker for differentiating
mesothelioma from reactive mesothelial
proliferations

Marta Cigognetti?, Silvia Lonardi’, Simona Fisogni®, Piera Balzarini?, Vilma Pellegrini®,
Andrea Tironi?!, Luisa Bercich!, Mattia Bugatti’, Giulio Rossi?, Bruno Mure

Mattia Barbareschi®, Silvia Giuliani®, Alberto Cavazza®, Gianpietro Mamhetlié,

William Vermi® and Fabio Facchetti

' Department of Molecular and Translational Medicine, Section of Pathology, University of Brescia, Spedali
Civili, Brescia, Italy: Department of Pathology, Azienda Ospedaliero-Universitaria Policlinico of Modena,
Modena, Haly; *Department of Pathology, Ospedole Dell”Angelo, Venezio-Mestre, Italy; “Unit of Suigical
Pathology, §. Chiara Hospital, Trento Italy; *Department of Pathology, Azienda Arcispedale 5. Maria Nuova
IRCCS, Reggio Emilia, IMaly and ®Department of Pneumology, Spedali Civili, Brescia, Italy

The distinction batween malignant mesothelioma and reactive mesothalial proliferation can be challenging both
on histology and cytology. Recently, variants of the BRCAf-associated protein 1(BAP1) gene resulting in nuclear
protein loss were reported in hereditary and sporadic mesothelioma. Using immunohistechemistry, we evaluated
the utility of BAP1 expression in the differential diagnosis betwesn mesothelioma and other mesothelial
proliferations on a large series of biopsies that included 212 mesotheliomas, 12 benign mesothealial tumors, and
42 reactive mesothelial proliferations. BAP1 stain was also perormed in 70 cylological samples (45
mesctheliomas and 25 reactive mesothelial proliferations). BAP1 was expressed in all benign mesothelial
tumaors, whereas 139/212 (66%) mesotheliomas were BAP1 negative, especially in epithelicid'biphasic compared
with sarcomatoid/desmoplastic subtypes (§9% vs 15%). BAP1 loss was homogeneous in neoplastic cells except
for two epithelicid mesotheliomas showing tumor heterogeneity. By fluorescence in sifu hybridization, BAP1
protein loss was paralleled by homozygous deletion of the BAPT locus in the vast majority of BAP1-negative
tumors (31/41, 76%), whereas 910 BAP1-positive mesotheliomas were normal. Inbiopsies imerpreted as reactive
mesothalial proliferation BAP1 loss was 100°: predictive of malignancy, as all 6 cases subsequently developed
BAP1-negative mesolthelioma, whereas only 336 (8%) BAP1-positive cases progressed lo mesothelioma. On
cytologylcell blocks, benign mesothelial cells were invariably positive for BAP1, whereas 64% of mesotheliomas
showed loss of protein; all 6 cases showing BAP1 negativity were associated with histological diagnosis of
BAP1-negative mesothelioma. BAP1 stain also showed wtility in the differential of mesothelioma from most
common pleural and peritoneal mimickers, such as lung and ovary carcinomas, with specificity and sensitivity of
9970% and 100/70%, respectively. Our results show that BAP1 protein is frequently lost in mesothelioma,
espedally of epithelicidbiphasic subtype and is commonly associated with homozygous BAPT deletion. BAP1
immunostain represents an excellant biomarker with an unprecedented specificity (100%) in the distinction
batween benign and malignant mesothelial proliferations. Finding BAP1 loss in mesothelial cells should prompt
to immediately reevaluate the patient; moreover, # might be useful in mapping tumor extent and planning
surgical resection.

Modem Pathology (2015) 28, 10431057, doi:10.1038/modpathol 2015.65; published onling 28 May 2015




Original Article

The “Brescia Panel” (Claudin-4 and BRCA-Associated
Protein 1) in the Differential Diagnosis of Mesotheliomas
With Epithelioid Features Versus Metastatic Carcinomas

Livia Bernardl, BS", Tommaso Blzzarro, BS "2 T Flavio Pironl, BS?, Stefanla szymczuk, BS?;
Raffaella Buda, BS", Enrica Fabbr, BS? Glovannl DI Claudio, B5%; and Glullo Rossl, MD, PhD™

BACKGROUND: The distinction between mesothelloma with epithellsld features and MEeasEtic cardnoma may be chal-
ienging, particularly on cytolegy. A nowel 2-fi Claudin-4 and BRCA-assoclated proein 1 (BAPT) panel was Investigated.
METHODS: The ohlective of this study was to derermine the sensithvity, specificiny, posithe predictive value, negative pre-
dictive value, and aCcuracy of the panel on oytology from pleural effusions and matched blopskes, Including 49 mallgnant
mesothellomas on cytelogy with 43 matched Dlopsies, 43 normal/reactive mesothelial proliferations, and 49 peural meta-
Statlc carcinomas from different primarkes with 21 macched pleural blopsies. The diagnostic rode of the 4 categories obralned
Dy Crossing ohe IMMunostaining results was analyzed. RESULTS: Claudin-4 sronghy staiped 3l metasiatlc carcinomas and
tested completely negative In normal mesothellum, benign feacthve mesothellal myperplasia, and mallgnant mesothelloma.
All normal and benign mesothellal profiferatons and all Carcnomas exEept 1wene Immunofeactive for BA P _ywhereas BAP1
’ 5 203 goa esorhafiomas The expression of Clawdin-4 alone excluded all benign and mallgnant
mesothellal growth, Consisiently characerizing all Meastatlc carcinomas. Double negativity was evident In all mallgnant
mesothellomas, and double positivity was observed In all metastatlc carcinomas. B4} pesitve’ Claudin-4-negative stanus
was observed only In mallgnant mesothellomas and benign mesothellal prolifsratons. 4 single MECastatic anal squamous
cell carcinoma had BA PHnegathve/Claudin-4-posithve stalning. CONCLUSIONS: Claudin-4 expression was completely spe-
CIfC and sensitive for metasiatlc carcinoma, excluding mesooheallal proliferadons. BA P stalning Characterized 98% of meta-
siatlc carcinomas and 100% of benlgn mesothelial prollferations, whersas negacivity was obserned almost exclushvely In

carcinoma on elther oytology or blopsy specimens. Cancer Cyropachol 202112927 5282, © 020 American Cancer Socfety.

KEY WORDS: BRCA-assoclated protein 1(BAPTY; Claudin-4; diagnostic cytology; effusion oytology; Immunocytochemisiry;
mallgnant mesothelioma mallgnant mesothelloma wersus Mecastarc Carcinoma; MemsElc carcinoma.
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Editorial

The Brescia Panel and The International System (TIS)
for Reporting Serous Fluid Cytopathology

Ashish Chandra, MD, FRCPath, DIpRCPath (Cytol)

The distinction berween mesothelial proliferations and metastatic adenocarcinoma in serous fluids remains a
common and vexing issuc. Whercas cytomorphology allows the identification of onc cell type (mesothelial)
over another (epithelial), this may be challenging when the number of lesional cells is small, when cells are
associated with bland nuclear morphology accompanicd by degencrative changes, or when unusual rumor
mbl:ypcs present in serous fluids. For confirmation of the diagnusis, immunochemical pan:]s using 2 :piﬂ):]ia]
immunostains and 2 mesothelial immunostains are common practice, with the choice of markers depending
on availability and the experience of their usage in a particular instimtion.

Although the value of BRCA-associated protein 1 (BAP1) and Claudin-4 has been documented by many
studies, Bernardi and cul]:agu.cs were the first to draw attention to these 2 markers r_hmugh their earlier pu'b—
lications. In this issue of Cancer Crroparhology, they propose the name of Brescia panel for the combination of
these 2 markers.! The pancl presents the opportunity to use only 2 markers, given the high scnsitivity and speci-
ficity of the panel to differentiate berween mesothelioma (BAP -negative/Claudin-4—negative) from metastaric
carcinoma (BAP1-pasitive/Claudin-4—positive).

Bernardi et al demonstrate cump:“ing evidence Thmu.gh their pi]ut sl:u.&y for the qrtnpathology com-
munity to consider validating this panel. The pattern of staining, nuclear with BAP1 and membranous with
Claudin-4, makes these immunostains easier to interpret comparcd with qrbuplumic staining, which is some-
times not as well localized. The panel has been applied successfully to cell block and biopsy specimens.

Incidentally, both markers are recommended by The International System (TIS) for Reporting Serous
Fluid Cytopathology.” The system mentions Claudin-4 as a promising marker for the confirmation of met-
astatic cardnoma and for the oxclusion of mesothelioma. BAP is also recommended as an immunostain
of choice for the diag:rmsis of mesothelioma. In the absence of BAP'1 loss, clinical data should be taken into
account and the mesothelial proliferation should be reported as either atypia of undetermined significance or
suspicious for ma]ign ancy in TIS, similar to what is plopcsnd b}r the authaors.

The Bresciz panel holds much promise and merits further validation studies using only Claudin-4 and
BAPI instead clflargcr l:l:mc|5. This would allow more residual djagnclstic material to be available for ascertain-

ing the primary sites and for performing molecular testing of malignant cells in serous effusions.
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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

Kyra B. Berg, MD; Sanja Dacic, MD; Caitlyn Miller, BA; Simon Cheung, BSc; Andrew Churg, MD

» Confext.—The separation of reactive from malignant
mesothelial proliferations is often a difficult morphologic
problem. There is contradictory information in ﬁue
literature on whether methylthicadenosine phosphorylase
(MTAP) immunohistochemistry can be used for this
purpose.

Objective.—To determine the utility of MTAP immuno-
histochemistry in distinguishing reactive from malignant
mesothelial proliferations.

Design.—We stained a tissue microarray containing 20
epithelioid malignant mesotheliomas and 17 reactive
mesothelial proliferations. For the mesotheliomas, com-
parisons were made between MTAP staining and BRCA-
associated nuclear protein 1 (BAP1) immunohistochemis-
try, cyclin-dependent kinase inhibitor 2A (CDKN2A)
fluorescence in situ hybridization, and neurofibromin 2
(NF2) fluorescence in situ hybridization, which are
established techniques for making this separation.

Results.—Loss of MTAP was seen in 0 of 17 reactive

mesothelial proliferations and 13/20 (65%) malignant
mesotheliomas. Almost all cases with loss showed loss in
100% of mesothelial cells. Background inflammatory and
stromal cells served as a positive internal control. CDKN2A
fluorescence in situ hybridization on the mesotheliomas
showed concordance with MTAP staining in 14 of 17
evaluable cases. BAP1 immunohistochemistry showed loss
of nuclear staining in 11 of 20 mesotheliomas (55%). No
cases showed loss of NF2. A total of 18 of 20 mesotheli-
omas (90%) showed loss of either MTAP or BAP1.

Conclusions.—In the context of a mesothelial prolifer-
ation, loss of MTAP staining is 100% specific for malignant
mesothelioma. In this study the combination of MTAP and
BAP1 immunohistochemical staining allowed separation of
reactive from epithelial malignant mesothelial prolifera-
tions in 90% of cases.

{Arch Pathol Lab Med. 2018;142:1549-1553; doi:
10.5858/arpa.2018-0273-0A)

Table 1. Methylthioadenosine Phosphorylase (MTAP) and BRCA-Associated Nuclear Protein 1 (BAP1) Loss by
Immunohistochemistry in Reactive Mesothelial Proliferations, Malignant Epithelioid Mesotheliomas, and Lung
Adenocarcinomas
No. MTAP Loss, No. (%) BAP1 Loss, No. (%) MTAP or BAP1 Loss, No. (%)
Reactive mesathelial proliferation 17 0 (0 0 0
Malignant epithelioid mesothelioma
Pleural 18 12 {67) 11 (61) 17 (94)
Peritoneal 2 1 {50) 0o 1(50)
Total 20 13 {65) 11 (55) 18 (90)
Lung adenocarcinoma 21 4(14) 01 0O
High-grade serous ovarian carcinoma 12 1(8) 0(0) 11(8)

Table 2. Comparison of Methylthioadenosine Phosphorylase (MTAP) and BRCA-Associated Nuclear Protein 1 (BAP1)
Loss by Immunohistochemistry (IHC) With Cyclin-Dependent Kinase Inhibitor 2A (CDKN2A) and Neurofibromin 2 (NF2)
Deletion by Fluorescent In Situ Hybridization (FISH)?
MTAP IHC BAP1 IHC CDKN2A FISH NF2 FISH
1 Pleural Lost Intact Deleted Intact
2 Pleural Lost Intact Deleted Intact
3 Pleural Lost Intact Deleted Intact
4 Pleural Lost Lost — —
5 Pleural Lost Lost Deleted Intact
6 Pleural Intact Lost Intact Intact
7 Pleural Lost Lost Deleted Intact
8 Pleural Lost Lost Deleted Intact
9 Pleural Intact Intact Intact Intact
10 Pleural Intact Lost Deleted Intact
11 Pleural Intact Lost Intact —
12 Pleural Lost Intact Deleted Intact
13 Pleural Lost Lost Deleted Intact
14 Pleural Intact Lost Deleted Intact
15 Pleural Lost Lost Deleted Intact
16 Pleural Lost Intact Deleted Intact
17 Pleural Lost Intact — —
18 Pleural Intact Lost — Intact
19 Peritoneal Intact Lost Intact Intact
20 Peritoneal Lost Intact Intact Intact

* — indicates cases that were not evaluable by FISH.
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Immunohistochemical detection of MTAP and BAP1 protein loss for ®C i3
mesothelioma diagnosis: Comparison with 9p21 FISH and BAP1
immunohistochemistry
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ARTICLE INFO ABSTRACT
Article history: Objectives: Diffe iating mali pleural heli (MPM) from i helial hy 1
Received 18 October 2016 (KMM) is still challenging. Detection of homozygous deklm(ﬂn)ompn region mdudmgpls"“ (plS)
Received in revised form in situ hybri jon (FISH) and § ion of loss of BRCA1 assoa
zm"‘:;mlfnh‘ 2016 ated protein 1(BAP1), ‘." mlubk‘ matlms_!or MPM d_ugnosis.' , not all lab L . are
to perform 9p21 FISH: immunohistochemistry (IHC) is a more and feasible . Thus, we
= sought to develop a IHC-based method that could predict the deletion of p16 in MPM in concordance
Mah;mn; pleural mesothelioma with 9p21 FISH.
MTAP Materials and methods: We examined the expression of the 9p21.3-related proteins (p14, p15, p16, and
BAPY hylthioad hosphorylase (MTAP)) and BAP1 using IHC in 51 MPM and 25 RMH cases, and
Immunohistochemistry assessed their correlation with HD of p16 detected by FISH. The diagnostic usefulness of IHC of the 9p21.3-
9p21 ASH rehlcd proteins and BAP1 and their combmanons was assessed using the cut-off values set by receiver
Diagnosis ch istic (ROC) anal;
Resils: Among the 21.3-related MIAEEMC bett conc With 9p21 FISH Fig 4. Examples of histochemistry (IHC) of methyl d hosphorylase (MTAP) and BAP1 in mal pleural mesotheli {MPM) cases. The top row

results (kappa coefficient of 0.69) and a specificity of 100%. We also examined the combinations of MTAP
IHC with the other products. The loss of p16 and MTAP had better concordance (kappa coefficient of 0.71),
although lower specificity (85%). For differentiating MPM from RMH, only MTAP showed 100% specificity
among the 9p21.3-related proteins, as did BAP1 IHC and 9p21 FISH. Among BAP1 combinations, only that
of BAP1 with MTAP showed 100% specificity. Its sensitivity was 76.5%, which was lower than BAP1 IHC
and 9p21 FISH combination (84.3%), but higher than BAP1 IHC alone (60.8%) or 9p21 FISH alone (60.8%).
Conclusions: A combination of MTAP or BAP1 loss detected by IHC can likely detect MPM with good
sensitivity and 100% specificity, and serve as useful ancillary IHC for discriminating MPM from RMH.
14O 2016 Elsevier Ireland Ltd. All rights reserved.

shows a MPM case with preserved staining of MTAP (A) and loss/decreased staining of BAP1 (B). In contrast, the case in the bottom row exhibits loss/decreased staining of
MTAP (C) but preserved staining of BAP1 (D). Original magnifications x 400.



Sarcomatoid mesothelioma
Differential diagnosis

* Pleural metastasis
* Benign organizing pleuritis @ Up to 100%

nd

* Presence of a homozygous deletion of CDKN2a (p16) (FISH) or MTAP (IHC) loss

* BAP1 loss: uncommon in sarcomatoid mesothelioma and less useful in distinction
from benign processes



Sarcomatoid «desmoplastic»
mesothelioma

A variant characterized by spindle cells with minimal atypia arranged
haphazardly in a so-called patternless pattern within a dense hyalinized
stroma that resemble pleural hyaline plague. The presence of obvious
sarcomatoid areas is very helpful in establishing the diagnosis, as this
variant may easily be misdiagnosed as benign.
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Malignant mesothelioma in situ: morphologic features and clinical
outcome
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Abstract

The existence of an in situ phase of malignant mesothelioma has long been postulated but until recently has been impossible
to prove. Here we describe ten patients with mesothelioma in situ, defined by a single layer of surface mesothelial cells
showing loss of BAP1 nuclear immunostaining, no evidence of tumor by imaging and/or by direct examination of the pleura/
peritoneum, and no invasive mesothelioma developing for at least 1 year. Nine cases were pleural and one peritoneal. Most
patients were biopsied for repeated effusions of unknown etiology; in two patients mesothelioma in situ was found
incidentally in lung cancer resections. In addition to surface mesothelium with BAP1 loss, one case had a surface papillary
proliferation with BAP1 loss, and two cases had a small (few millimeter) nodule with BAP1 loss. CDKN2A was deleted
by FISH in one of eight cases. Methylthioadenosine phosphorylase showed partial loss in the surface mesothelium by
immunohistochemistry in three cases. Invasive malignant mesothelioma developed in seven patients with time between
biopsy and_invasive disease from 12 to 92 {median 60) months. Invasive mesothelioma has not developed in the other three
patients at 12, 57, and 120 months, but the latter patient, who has pleural plaques, still has repeated pleural effusions,
probably representing a so-called “benign asbestos effusion.” We conclude that mesothelioma in situ, as diagnosed using the
criteria outlined above, is associated with a high risk of developing invasive mesothelioma, but typically over a relatively
protracted time, so that curable interventions maybe possible.
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Malignant mesothelioma in situ: morphologic features and clinical
outcome
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a surface proliferation of mesothelial cells in the form of a single layer of mesothelial cells that had lost
BAP1;

no evidence of invasive tumor by imaging and/or direct visual inspection of the pleura or peritoneum at
the time of biopsy;

no invasive mesothelioma diagnosed for at least 1 year after the biopsy.
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Use of Diagnostic and Predictive IHC and Molecular Assays

?

BAP1 IHC
CDKN2a (p16) FISH and or MTAP IHC for CDKN2a deletion
PD-L1 IHC (Chapel DB and al. Hum Pathol 2019; 87; 11-17)

... Serum levels of calretinin  differential diagnosis between histological MPM types
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Histologic Classification of Pleural Mesothelioma:
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The Separation of Benign and Malignant
Mesothelial Proliferations

New Markers and How to Use Them

Andrew Churg MD*7{ and Julia R. Naso, MD, PhD*f




Issues for The Future

Updated histological classification WHO 2015

Mesotelioma in situ: additional category

Grading of epithelioid malignant pleural mesotheliomas should be routinely reported
Favourable/unfavourable histologic characteristics should be routinely reported

Other molecular data should be thoughtful (PDL1, BAP1 e CDKN2A —p16) and added as parte of future trials
Staging of resection specimens

At least three separate areas should be sampled from the pleural cavity

«Multidisciplinary tumor board»

All histologic sybtypes should be considered potential candidates for chemiotherapy

Systematic screening of all patients for germline mutations in not recommended in the absence of a family
history suspicious for BAP1 syndrome



Male 54 ys Pleural effusion



Diagnosis: neoplastic: mesothelioma










Very suspicious for mesothelioma
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