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Abstract: Mesothelioma is often difficult to diagnose due to its rarity and its unusual histopatho-
logical features that could lend to diagnostic pitfalls and misdiagnosis. The WHO histological
classification of pleural tumors in 2021 recommended a pathologic grading system for malignant
pleural mesothelioma. Architectural aspects and cytological features, with nuclear grading, bent
on a neoplastic score with fundamental prognostic and diagnostic value. Unusual features must
be correctly assigned in the grading system to avoid misdiagnosis, especially toward metastatic
lesions or reactive pleural processes. In this paper, we present two cases as examples of unusual
morphological and architectural features with a brief literature review.

Keywords: mesothelioma; adenomatoid mesothelioma; signet ring cell mesothelioma; unusual
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1. Introduction

In 2021, WHO published its latest volume about thoracic tumors. Pleural diffuse
mesothelioma in this issue retains the three major histological subtypes as previously
described (epithelioid, sarcomatoid and biphasic) and more focus is placed on architectural
patterns and cytological and stromal features [1].

In the case of epithelioid mesothelioma, architectural patterns are underlined, as in
previous editions, as well as cytological features and stromal appearance, due to their
prognostic value and to avoid possible diagnostic pitfalls. Epithelioid mesothelioma repre-
sented approximately 80% of all pleural mesotheliomas. It is defined as being composed of
deceptively bland, uniform cuboidal (epithelioid) cells that usually infiltrate the pleura in
a tubulo-papillary growth pattern, consisting of round-to-oval structures admixed with
tumor cells covering a fibrovascular core. However, a wide range of architectural growth
patterns and cytologic features may be encountered. Therefore, in the histological report of
epithelioid mesothelioma, it is suggested the indication of grade (if high or low), all archi-
tectural patterns present with their percentages, and the surgical type of resection, if it is a
definitive resection (extrapleural pneumonectomy or extended pleurectomy/decortication).

Regarding architectural patterns, tubulopapillary, trabecular and adenomatoid are
considered prognostically favorable; solid growth in more than 50% of the tumor and
micropapillary pattern are instead unfavorable.

The cytological features to report are also divided prognostically as more favorable
(lymphohistiocytoid cells and low nuclear grade) and unfavorable (rhabdoid cells, pleo-
morphic cells, and high nuclear grade). The nuclear grading of pleural diffuse epithelioid
mesothelioma is newly introduced in this latest edition and stratifies epithelioid mesothe-
lioma in “overall tumor grade high” and “low” using nuclear atypia (with 1 point for mild,
2 for moderate, and 3 for severe) and mitotic count (with 1 point for low, <1 mitosis/2 mm?;
2 points for intermediate, 2—4 mitoses/2 mm?Z; and 3 points for high, >5 mitoses/2 mm?).
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This change is due to the fact that grading, despite not being previously recommended for
mesotheliomas, has demonstrated prognostic significance [2—4].

Nuclear grading, combined with the presence or absence of necrosis, results in an
overall tumor score that is defined as low for nuclear grades I and II without necrosis, and
high in tumors that show nuclear grade II with the presence of necrosis or nuclear grade III
with or without necrosis [5].

Lastly, stromal features were suggested to be included in the report because, if pre-
dominantly myxoid, predict a better prognosis [6,7]. In epithelioid mesotheliomas, the
most difficult challenges in differential diagnoses are posed by reactive processes [8].

In epithelioid mesotheliomas, the most difficult challenges in differential diagnoses
are posed by reactive processes [3].

Such differential diagnosis is in many cases particularly hard, but some architectural
features, such as the demonstration of fat infiltrations or molecular alterations (e.g., BAP1
inactivating mutations), help to achieve this goal [4,5].

Furthermore, some morphological features, due to their rarity, make differential
diagnosis more challenging even with possible metastatic lesions [9,10].

In this paper, we present two cases as examples of unusual morphological and architec-
tural features, and a brief review of analogue cases reported, with some possible solutions.

2. Case N°1

A 68-year-old male patient with possible exposure to asbestos came to our attention
for chest pain. He underwent an X-ray scan and abdominal ultrasound, which revealed a
right pleural effusion. A TC scan was performed, and pleural effusion was confirmed, with
the additional reporting of enlargement of the right pleural membranes.

The patient then underwent a right thoracoscopy, pleural biopsies and DRAINAPORT
placement.

The histological examination showed pleural infiltration by epithelioid cells arranged
in tubular and cystic spaces with adenomatoid features. The pleura was infiltrated in its
entire thickness, and a focal invasion of fat was identified. Some mitoses were observed;
no necrosis was observed. Immunohistochemical reactions demonstrated the mesothelial
origin of the neoplastic cells, with positivity for WT1, calretinin and pancytokeratin; TTF1,
CDX2 and CK20 were negative.

Immunostaining for BAP1 was performed, with retained nuclear expression (Figure 1).

A diagnosis of epithelioid mesothelioma, of the adenomatoid type, was formulated
and the patient underwent a first line of therapy with cisplatin/pemetrexed, followed by
subtotal right pleurectomy 6 months later. Six months later, a radiological progression was
observed, with contralateral involvement, accompanied by cough and worsening of the
dyspnea. The patient was therefore hospitalized, and he was subjected to left pleurodesis
biopsies and was diagnosed with epithelioid pleural mesothelioma. Two months later, the
patient eventually died of his disease.
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Figure 1. Infiltration of the entire thickness of the pleura with focal fat invasion by epithelioid
cells arranged in tubular and cystic spaces with adenomatoid features ((A) H&E, x100). At higher
magnification, the cytological features of tumor cells can be appreciated: round nuclei, moderate
amounts of eosinophilic cytoplasm and conspicuous nucleoli; some mitoses are present ((B) H&E,
%x400). Immunohistochemical reactions demonstrated the mesothelial origin of the neoplastic cells
((C) PABI retained nuclear expression, x400; (D) calretinin cytoplasmic stain, x400; (E) WT1 nuclear
stain, x400).

3. Case N°2

A 53-year-old male railway worker, former smoker with exposure to asbestos, came to
clinical observation for dyspnea that had been worsening for more than one year.

An X-ray scan of the thorax was performed, which revealed an extensive unilateral
pleural effusion. The cytological examination showed mildly atypical mesothelial cells
(WT1+/calretinin+) with loss of BAP1 nuclear expression. A CT scan was therefore per-
formed, and pointed out the extensive enlargement of the diaphragmatic pleura, with
involvement of the intercostal muscles.

Subsequently, a surgical diagnostic biopsy (VATS) was performed and the histological
examination revealed infiltration of the fat and pleura by epithelioid cells growing in a
diffuse pattern, with vacuolated cytoplasm and signet ring appearance (Figure 2). Immuno-
histochemical reactions demonstrated the mesothelial nature of the neoplastic proliferation,
with positivity for mesothelial markers (WT1, calretinin, and D2-40) and loss of BAP1
nuclear expression.

The patient underwent a first line chemotherapy with cisplatin and pemetrexed and
was then subjected to a right pleural decortication, with the partial removal of diaphragm
and pericardium, followed by RT (45 Gy in 25 fractions).

At the time of writing of this article, 18 months later, the patient is alive and the disease
is under control.
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Figure 2. Epithelioid cells growing in a diffuse pattern, with vacuolated cytoplasm and signet ring
appearance ((A) H&E x40). The higher magnification better demonstrates the morphologic features
of the signet ring cells with pycnotic crescent shaped nuclei located at cell periphery ((B) H&E, x400).
Immunohistochemical reactions demonstrated the mesothelial nature of the neoplastic proliferation
((C) PABLI loss of nuclear expression, x400; (D) WT1 nuclear stain, x400; (E) calretinin cytoplasmic
stain, x400).

4. Discussion

Mesothelioma is often difficult to diagnose due to its rarity and its unusual histopatho-
logical features, which could lend to diagnostic pitfalls and misdiagnosis.

Mesothelioma in its epithelioid appearance must be distinguished from carcinomas
and other epithelioid neoplasms that can infiltrate the pleura in a diffuse way, with a
pseudomesotheliomatous appearance. Most commonly, these neoplasms are carcinomas,
and particularly those originating from the lung, breast, ovary and gastrointestinal tract,
but also kidney, prostate and pancreas malignancies can potentially give metastases to the
pleura [1]. Tumors with epithelioid morphology should also be considered, particularly
epithelioid vascular malignancies, epithelioid sarcoma, and melanoma [11]. Clinical and
radiological features may be of some help because mesothelioma characteristically presents
as multiple pleural nodules or diffuse pleural thickening; other tumors involving the pleura
may mimic this growth pattern, but the finding of large or multiple lung parenchymal
masses should raise concerns against a mesothelioma diagnosis [12]. Sometimes, it could
be even more difficult to discriminate between epithelioid mesothelioma and some benign
processes, such as reactive mesothelial hyperplasia, particularly when it is marked in some
infection or collagen vascular disease or when an invasive component in the adipose tissue
or chest wall cannot be demonstrated.

Since the morphological features can be misleading, ancillary studies are needed.
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A useful help can come from molecular findings; in particular, the most frequent al-
tered genes in mesothelioma are BRCA1-associated protein 1 gene (BAP1), cyclin-dependent
kinase inhibitor 2A (CDKN2A,) and neurofibromatosis type 2 gene (NF2), coding for merlin,
an oncosuppressor protein involved in mTOR signaling [1-4]. Combined mutations of
BAP1, NF2, and CDKN2A are observed in about 34% of malignant mesothelioma, indicat-
ing the importance of these tumor suppressors in the disease pathogenesis [13]. Indeed, it
has been observed that the combined deletion of BAP1, NF2, and CDKN2A genes causes
rapid disease onset in mice [14]. Recently, Zhang et al. has described a detailed picture
of the mesothelioma genomic landscape with an exon sequencing approach. Their work
has shown how mesotheliomas mostly follow a linear evolution with BAP1 being the
most frequent ancestral mutation and NF2 arising mainly as a late event. Moreover, a
minority of patients presented a branched evolution that was associated with a higher
tumor lymphocyte infiltration and mutational burden, suggesting a possible therapy ap-
proach with immunomodulators [15]. An aberrant copy number of alterations in CDKN2A
identified with sequencing approaches were confirmed in other studies through fluorescent
in situ hybridization (FISH) and IHC, and they were associated with higher asbestos fiber
exposure [16].

As reported above, the BAP1 gene mutation is the most frequent genomic alteration
in malignant pleural mesothelioma; BAP1 orchestrates chromatin-associated processes,
including gene expression, DNA replication and DNA repair. Somatic bi-allele mutation
resulting in BAP1 loss has been associated with improving prognosis and it has been
observed in nearly 60% of malignant pleural mesothelioma [17] in uveal melanoma and
other tumors [18]. BAP1 was also recently found to be frequently mutated in 25% of
malignant peritoneal mesothelioma, a rare cancer usually not associated with asbestos
exposure [19], but more often associated with the mutation of other chromatin modifiers,
indicating the importance of epigenetic regulation in mesothelioma pathogenesis. It has also
to be mentioned how the loss of BAP1 protein expression in several cancers can be observed
in wild-type genes [20]. There have been reports of several cases of malignant pleural
mesothelioma with no BAP1 gene mutation and with normal mRNA expression, which are
negative for BAP1 protein staining, so post-translational events regulating instability might
be responsible for BAP1 loss of function in such cases [21].

The use of a specific immunohistochemistry panel for detecting these alterations
should be performed depending on, and in combination with, cytoarchitectural characteris-
tics, clinical and radiological findings, to address the possible differential diagnosis (i.e.,
to distinguish an epithelioid mesothelioma with clear cell features from a clear cell renal
carcinoma) [22,23].

BAP1 defective expression is routinely used to aid in distinguishing mesothelioma
from reactive mesothelial proliferations, with a relatively low sensitivity (42-65%), but a
specificity of 100% [24].

Analogue use is made of MTAP that can be detected by immunohistochemistry; its
nuclear expression is lost in association to the loss of CDKNA 9p21 encoding p16, with a
stackable sensitivity (42-48%) and absolute specificity (100%) [9,25-28].

The loss of immunohistochemical expression of BAP1 helps to make the correct diag-
nosis in many cases in which the differential diagnosis is between epithelioid mesothelioma
and reactive hyperplasia. Meanwhile, the loss of BAP1 is not useful in cases in which the
alternative diagnosis is another epithelial neoplasm [29].

In the same way, immunohistochemistry for MTAP or homozygous deletion of 9p21
(CDKN2A) in FISH is useful mainly in sarcomatoid mesothelioma that exhibit these losses
in >80% of cases [30].

Furthermore, the combined use of both staining methods contributes to increase the
reliability of the diagnosis.

These considerations and molecular alterations, demonstrated by BAP1 loss in our
case N°2 (signet ring cell mesothelioma), were not applicable to case N°1, in which nuclear
immunostaining for BAP1 was retained. In this particular case, however, the peculiar



Diagnostics 2022, 12, 371

6 0f 8

architectural way of growth and infiltration along the entire thickness of the pleura sup-
ports the diagnosis of malignant mesothelioma, of the adenomatoid variant. This peculiar
variant, so called for its morphological similarity with adenomatoid tumors of the gen-
ital tracts as reported by Weissferdt, Khalor and Suster [31], must be differentiated not
only from benign pleural adenomatoid tumor (an extremely rare lesion, with <20 cases
reported in the literature), but also from metastatic adenocarcinoma and epithelioid he-
mangioendothelioma. The positivity of mesothelial markers, such as WT1, calretinin,
podoplanin and HBMEI, along with clinical-radiological findings, helps to distinguish
this peculiar variant of malignant mesothelioma from a metastatic adenocarcinoma from
another site. Hemangioendothelioma could instead give more trouble, but clinical data,
as younger age at presentation, female predilection, and multivisceral involvement, could
avoid misdiagnosis, associated with the expression of vascular markers, such CD31, CD34
and Factor VIII positivity, accompanied by negativity for mesothelial markers, such as WT1
and calretinin [31].

In case N°2, we report a signet ring cell mesothelioma, described for the first time in
2003 by Cook et al. [32], and with just over 20 cases reported in the literature in English [33].
Clinically, these peculiar cytological features do not lead a different clinical course; addi-
tionally, signet ring cell mesothelioma maintains a predominance for pleural site versus
peritoneal location, a predominance of male patients and is associated with exposure to
asbestos. The prognosis of signet ring cell mesothelioma is equally poor, with 15 months
of median survival starting from diagnosis. This peculiar cytological feature makes the
differential diagnosis challenging, especially towards metastatic adenocarcinoma, signet
ring type, and more so in peritoneal sites or in the case of aberrant expression of CDX2 or
cytokeratin 20, as reported by Rossi et al. [23]. Furthermore, rare cases of ALK rearranged
mesotheliomas and signet ring cell adenocarcinoma from the lung ALK-rearranged are
also included in differential diagnoses [34]

Moreover, unusual clinical-radiological findings and immunostaining patterns could
be a diagnostic pitfall, even with the usual morphological features of malignant mesothe-
lioma [23].

We can conclude that malignant mesothelioma is an uncommon lesion; its detection
could be frequently troublesome and may be hard to distinguish from hyperplastic reactive
processes and metastatic lesions.

Ultimately, the two cases presented in this paper are merely examples of some diagnos-
tic difficulties encountered in the management of the pathology of malignant epithelioid
mesotheliomas, but with some ancillary methods, as discussed before, a correct diagnosis
is possible, bearing in mind also the rare histological variations. Furthermore, a diagnostic
pitfall is not only related to morpho-architectural features, but we should also keep in
mind the clinical, radiological and unusual patterns of immunostaining that sometimes are
misleading even if they present with the usual morphological features [23].

Author Contributions: Writing—review and editing, supervision: F.B.; review and editing: M.].;
data curation and visualization, editing and review: S5.C. and C.B. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Ethical review and approval were waived for this study, due
to patients were not directly involved in the design, conduct, reporting or dissemination plans of
this research.

Informed Consent Statement: The case is reported with waiving of the informed consent under the
proviso that all identifying information was removed from the text.

Conflicts of Interest: The authors declare no conflict of interest.



Diagnostics 2022, 12, 371 70f8

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Sauter, J.L.; Bueno, R.; Dacic, S.; Gill, R.R.; Husain, A.N.; Kadota, K.; Ladanyi, M.; Nowak, A.; Schmitt, F. Diffuse Pleural
Mesothelioma, WHO Classification of Tumors Editorial Board, 5th ed.; IARC Press: Lyon, France, 2021; pp. 204-219.

Kadota, K.; Suzuki, K.; Colovos, C.; Sima, C.S.; Rusch, V.W.; Travis, W.D.; Adusumilli, P.S. A nuclear grading system is a strong
predictor of survival in epithelioid diffuse malignant pleural mesothelioma. Mod. Pathol. 2012, 25, 260-271. [CrossRef] [PubMed]
Pelosi, G.; Papotti, M.; Righi, L.; Rossi, G.; Ferrero, S.; Bosari, S.; Calabrese, F.; Kern, I.; Maisonneuve, P.; Sonzogni, A.; et al.
Pathologic Grading of Malignant Pleural Mesothelioma: An Evidence-Based Proposal. J. Thorac. Oncol. 2018, 13, 1750-1761.
[CrossRef]

Rosen, L.E.; Karrison, T.; Ananthanarayanan, V.; Gallan, A.J.; Adusumilli, P.S.; Alchami, FS.; Attanoos, R.; Brcic, L.; Butnor, K.J.;
Salle, F.G.; et al. Nuclear grade and necrosis predict prognosis in malignant epithelioid pleural mesothelioma: A multi-institutional
study. Mod. Pathol. 2018, 31, 598-606. [CrossRef] [PubMed]

Schulte, J.J.; Chapel, D.B.; Attanoos, R.; Brcic, L.; Burn, J.; Butnor, K.J.; Chang, N.; Chen, H.; Dacic, S.; Perrot, M.D.; et al. Compari-
son of Nuclear Grade, Necrosis, and Histologic Subtype Between Biopsy and Resection in Pleural Malignant Mesothelioma. Am.
J. Clin. Pathol. 2021, 156, 989-999. [CrossRef] [PubMed]

Shia, J.; Qin, J.; Erlandson, R.A ; King, R.; Illei, P.; Nobrega, J.; Yao, D.; Klimstra, D.S. Malignant mesothelioma with a pronounced
myxoid stroma: A clinical and pathological evaluation of 19 cases. Virchows Arch. 2005, 447, 828-834. [CrossRef] [PubMed]
Alchami, ES.; Attanoos, R.L.; Bamber, A.R. Myxoid variant epithelioid pleural mesothelioma defines a favourable prognosis
group: An analysis of 191 patients with pleural malignant mesothelioma. J. Clin. Pathol. 2017, 70, 179-182. [CrossRef] [PubMed]
Fernandez-Cuesta, L.; Mangiante, L.; Alcala, N.; Foll, M. Challenges in lung and thoracic pathology: Molecular advances in the
classification of pleural mesotheliomas. Virchows Arch. 2021, 478, 73-80. [CrossRef]

Berg, K.B.; Dacic, S.; Miller, C.; Cheung, S.; Churg, A. Utility of Methylthioadenosine Phosphorylase Compared with BAP1 Im-
munohistochemistry, and CDKN2A and NF2 Fluorescence In Situ Hybridization in Separating Reactive Mesothelial Proliferations
from Epithelioid Malignant Mesotheliomas. Arch. Pathol. Lab. Med. 2018, 142, 1549-1553. [CrossRef] [PubMed]

Cigognetti, M.; Lonardi, S.; Fisogni, S.; Balzarini, P; Pellegrini, V.; Tironi, A.; Bercich, L.; Bugatti, M.; De Rossi, G.; Murer, B.;
et al. BAP1 (BRCA1l-associated protein 1) is a highly specific marker for differentiating mesothelioma from reactive mesothelial
proliferations. Mod. Pathol. 2015, 28, 1043-1057. [CrossRef]

Beasley, M.B.; Galateau-Salle, F.; Dacic, S. Pleural mesothelioma classification update. Virchows Archiv. 2021, 478, 59-72. [CrossRef]
Miller, B.H.; Rosado-De-Christenson, M.L.; Mason, A.C.; Fleming, M.V.; White, C.C.; Krasna, M.]. From the archives of the AFIP.
Malignant pleural mesothelioma: Radiologic-pathologic correlation. RadioGraphics 1996, 16, 613-644. [CrossRef] [PubMed]
Bueno, R.; Stawiski, E.W.; Goldstein, L.D.; Durinck, S.; Rienzo, A.D.; Modrusan, Z.; Gnad, E; Nguyen, T.T,; Jaiswal, B.S,;
Chirieac, L.R.; et al. Comprehensive genomic analysis of malignant pleural mesothelioma identifies recurrent mutations, gene
fusions and splicing alterations. Nat. Genet. 2016, 48, 407-416. [CrossRef] [PubMed]

Kukuyan, A.-M.; Sementino, E.; Kadariya, Y.; Menges, C.W.; Cheung, M.; Tan, Y.; Cai, K.Q,; Slifker, M.].; Peri, S.; Klein-Szanto, A.].;
et al. Inactivation of Bap1 Cooperates with Losses of Nf2 and Cdkn2a to Drive the Development of Pleural Malignant Mesothe-
lioma in Conditional Mouse Models. Cancer Res. 2019, 79, 4113-4123. [CrossRef] [PubMed]

Zhang, M.; Luo, ].-L.; Sun, Q.; Harber, J.; Dawson, A.G.; Nakas, A.; Busacca, S.; Sharkey, A.J.; Waller, D.; Sheaff, M.T.; et al. Clonal
architecture in mesothelioma is prognostic and shapes the tumour microenvironment. Nat. Commun. 2021, 12, 1751. [CrossRef]
Kettunen, E.; Savukoski, S.; Salmenkivi, K.; Bohling, T.; Vanhala, E.; Kuosma, E.; Anttila, S.; Wolff, H. CDKN2A copy number and
p16 expression in malignant pleural mesothelioma in relation to asbestos exposure. BMC Cancer 2019, 19, 507. [CrossRef]
Hmeljak, J.; Sanchez-Vega, F.; Hoadley, K.A; Shih, J.; Stewart, C.; Heiman, D.; Tarpey, P.; Danilova, L.; Drill, E.; Gibb, E.A.; et al.
Integrative Molecular Characterization of Malignant Pleural Mesothelioma. Cancer Discov. 2018, 8, 1548-1565. [CrossRef]

Field, M.G.; Durante, M.A.; Anbunathan, H.; Cai, L.Z.; Decatur, C.L.; Bowcock, A.M.; Kurtenbach, S.; Harbour, J.W. Punctuated
evolution of canonical genomic aberrations in uveal melanoma. Nat. Commun. 2018, 9, 116. [CrossRef]

Shrestha, R.; Nabavi, N.; Lin, Y.-Y.; Mo, E; Anderson, S.; Volik, S.; Adomat, H.H.; Lin, D.; Xue, H.; Dong, X.; et al. BAP1
haploinsufficiency predicts a distinct immunogenic class of malignant peritoneal mesothelioma. Genome Med. 2019, 11, 8.
[CrossRef]

Bott, M.; Brevet, M.; Taylor, B.S.; Shimizu, S.; Ito, T.; Wang, L.; Creaney, J.; Lake, A.R.; Zakowski, M.E,; Reva, B.; et al. The nuclear
deubiquitinase BAP1 is commonly inactivated by somatic mutations and 3p21.1 losses in malignant pleural mesothelioma. Nat.
Genet. 2011, 43, 668-672. [CrossRef]

Stang, N.L.; Burke, L.; Blaizot, G.; Gibbs, A.R.; LeBailly, P; Clin, B.; Girard, N.; Galateau-Sallé, F. 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. 2020, 144,
446-456. [CrossRef]

Mneimneh, W.S,; Jiang, Y.; Harbhajanka, A.; Michael, C.W. Inmunochemistry in the work-up of mesothelioma and its differential
diagnosis and mimickers. Diagn. Cytopathol. 2021, 49, 582-595. [CrossRef] [PubMed]

Rossi, G.; Davoli, F.; Poletti, V.; Cavazza, A.; Lococo, F. When the Diagnosis of Mesothelioma Challenges Textbooks and Guidelines.
J. Clin. Med. 2021, 10, 2434. [CrossRef] [PubMed]

Masclef, L.; Ahmed, O.; Estavoyer, B.; Larrivée, B.; Labrecque, N.; Nijnik, A.; Affar, E.B. Roles and mechanisms of BAP1
deubiquitinase in tumor suppression. Cell Death Differ. 2021, 28, 606-625. [CrossRef] [PubMed]


http://doi.org/10.1038/modpathol.2011.146
http://www.ncbi.nlm.nih.gov/pubmed/21983936
http://doi.org/10.1016/j.jtho.2018.07.002
http://doi.org/10.1038/modpathol.2017.170
http://www.ncbi.nlm.nih.gov/pubmed/29327706
http://doi.org/10.1093/ajcp/aqab054
http://www.ncbi.nlm.nih.gov/pubmed/33978147
http://doi.org/10.1007/s00428-005-0035-y
http://www.ncbi.nlm.nih.gov/pubmed/16021506
http://doi.org/10.1136/jclinpath-2016-203993
http://www.ncbi.nlm.nih.gov/pubmed/27798081
http://doi.org/10.1007/s00428-020-02980-9
http://doi.org/10.5858/arpa.2018-0273-OA
http://www.ncbi.nlm.nih.gov/pubmed/30059257
http://doi.org/10.1038/modpathol.2015.65
http://doi.org/10.1007/s00428-021-03031-7
http://doi.org/10.1148/radiographics.16.3.8897628
http://www.ncbi.nlm.nih.gov/pubmed/8897628
http://doi.org/10.1038/ng.3520
http://www.ncbi.nlm.nih.gov/pubmed/26928227
http://doi.org/10.1158/0008-5472.CAN-18-4093
http://www.ncbi.nlm.nih.gov/pubmed/31151962
http://doi.org/10.1038/s41467-021-21798-w
http://doi.org/10.1186/s12885-019-5652-y
http://doi.org/10.1158/2159-8290.CD-18-0804
http://doi.org/10.1038/s41467-017-02428-w
http://doi.org/10.1186/s13073-019-0620-3
http://doi.org/10.1038/ng.855
http://doi.org/10.5858/arpa.2018-0457-OA
http://doi.org/10.1002/dc.24720
http://www.ncbi.nlm.nih.gov/pubmed/33675675
http://doi.org/10.3390/jcm10112434
http://www.ncbi.nlm.nih.gov/pubmed/34070888
http://doi.org/10.1038/s41418-020-00709-4
http://www.ncbi.nlm.nih.gov/pubmed/33462414

Diagnostics 2022, 12, 371 8of8

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

Ladanyi, M. Implications of P16/CDKN2A deletion in pleural mesotheliomas. Lung Cancer 2005, 49, S95-598. [CrossRef]

Sato, T.; Sekido, Y. NF2/Merlin Inactivation and Potential Therapeutic Targets in Mesothelioma. Int. J. Mol. Sci. 2018, 19, 988.
[CrossRef]

Sekido, Y. Molecular pathogenesis of malignant mesothelioma. Carcinogenesis 2013, 34, 1413-1419. [CrossRef]

Hida, T.; Hamasaki, M.; Matsumoto, S.; Sato, A.; Tsujimura, T.; Kawahara, K.; Iwasaki, A.; Okamoto, T.; Oda, Y.; Honda, H.; et al.
Immunohistochemical detection of MTAP and BAP1 protein loss for mesothelioma diagnosis: Comparison with 9p21 FISH and
BAP1 immunohistochemistry. Lung Cancer 2017, 104, 98-105. [CrossRef]

Chapel, D.B.; Schulte, ] .J.; Berg, K.; Churg, A.; Dacic, S.; Fitzpatrick, C.; Galateau-Salle, F.; Hiroshima, K.; Krausz, T.; Stang, L.N.;
et al. MTAP immunohistochemistry is an accurate and reproducible surrogate for CDKN2A fluorescence in situ hybridization in
diagnosis of malignant pleural mesothelioma. Mod. Pathol. 2020, 33, 245-254. [CrossRef]

Wu, D.; Hiroshima, K.; Matsumoto, S.; Nabeshima, K.; Yusa, T.; Ozaki, D.; Fujino, M.; Yamakawa, H.; Nakatani, Y.; Tada, Y.; et al.
Diagnostic usefulness of p16/cdkn2a fish in distinguishing between sarcomatoid mesothelioma and fibrous pleuritis. Am. J.
Clin.Pathol. 2013, 139, 39-46. [CrossRef]

Weissferdt, A.; Kalhor, N.; Suster, S. Malignant mesothelioma with prominent adenomatoid features: A clinicopathologic and
immunohistochemical study of 10 cases. Ann. Diagn. Pathol. 2011, 15, 25-29. [CrossRef]

Cook, D.S.; Attanoos, R.L.; Jalloh, S.S. ‘Mucinpositive’ epithelial mesothelioma of the peritoneum: An unusual diagnostic pitfall.
Histopathology 2000, 37, 33-36. [CrossRef] [PubMed]

Ordonez, N.G. Mesothelioma with signet-ring cell features: Report of 23 cases. Mod. Pathol. 2013, 26, 370-384. [CrossRef]
[PubMed]

Hung, Y.P,; Dong, F; Watkins, J.C.; Nardi, V.; Bueno, R.; Cin, PD.; Godleski, J.J.; Crum, C.P; Chirieac, L.R. Identification of ALK
Rear-rangements in Malignant Peritoneal Mesothelioma. JAMA Oncol. 2018, 4, 235-238. [CrossRef] [PubMed]


http://doi.org/10.1016/j.lungcan.2005.03.017
http://doi.org/10.3390/ijms19040988
http://doi.org/10.1093/carcin/bgt166
http://doi.org/10.1016/j.lungcan.2016.12.017
http://doi.org/10.1038/s41379-019-0310-0
http://doi.org/10.1309/AJCPT94JVWIHBKRD
http://doi.org/10.1016/j.anndiagpath.2010.08.005
http://doi.org/10.1046/j.1365-2559.2000.00937.x
http://www.ncbi.nlm.nih.gov/pubmed/10931216
http://doi.org/10.1038/modpathol.2012.172
http://www.ncbi.nlm.nih.gov/pubmed/23041828
http://doi.org/10.1001/jamaoncol.2017.2918
http://www.ncbi.nlm.nih.gov/pubmed/28910456

	Introduction 
	Case N1 
	Case N2 
	Discussion 
	References

