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Introduction

Malignant pleural mesothelioma (MPM) is an aggressive 
tumor that arises from mesothelial cells lining the 
pleural cavity. Its occurrence is related to exposure to 
mineral fibers, particularly asbestos, which represents 
the main risk for MPM, with a latency period of 
approximately 40 years between fiber exposure and 
disease presentation (1,2).

MPM diagnosis continues to be difficult and should 
util ize morphological assessment, correlated with 
the appropriate clinical and radiologic contexts and 
supplemented by ancil lary diagnostic techniques, 
particularly immunohistochemistry (IHC) and, more 
recently, molecular tests. The pathological approach 
to pleural lesions should always be based on the results 
obtained from adequate biopsies  ( less  commonly 
cytology) in terms of both tissue quality and quantity. 

Review Article

The pathological and molecular diagnosis of malignant pleural 
mesothelioma: a literature review

Greta Alì1, Rossella Bruno2, Gabriella Fontanini2,3 

1Unit of Pathological Anatomy, Azienda Ospedaliero Universitaria Pisana, AOUP, Pisa, Italy; 2Department of Surgical, Medical, Molecular Pathology 

and Critical Area, University of Pisa, Pisa, Italy; 3Program of Pleuropulmonary Pathology, Azienda Ospedaliero Universitaria Pisana, AOUP, Pisa, 

Italy

Contributions: (I) Conception and design: G Fontanini, G Alì; (II) Administrative support: G Alì, R Bruno; (III) Provision of study materials or 

patients: All authors; (IV) Collection and assembly of data: G Alì, R Bruno; (V) Data analysis and interpretation: None; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Professor Gabriella Fontanini. Program of Pleuropulmonary Pathology, Azienda Ospedaliero Universitaria Pisana, AOUP, Via 

Roma 57, 56126 Pisa, Italy. Email: gabriella.fontanini@med.unipi.it.

Abstract: Malignant pleural mesothelioma (MPM), an asbestos-induced tumor, represents significant 
diagnostic challenges for pathologists. Its histological diagnosis is stepwise and should be based on 
morphological assessment, supported by clinical and radiological findings, and supplemented with 
immunohistochemistry (IHC) and, more recently, molecular tests. The main diagnostic dilemmas are the 
differential diagnoses with benign mesothelial proliferations and other pleural malignant tumors. The 
present review is an update regarding the morphological, immunohistochemical, and molecular features 
with respect to MPM diagnosis. Data sources include a survey of the biomedical literature from PubMed 
(http://www.ncbi.nlm.nih.gov/pubmed) and textbooks focusing on the pathological diagnosis of MPM and 
associated immunohistochemical and molecular markers. The histological findings of MPM could facilitate 
its diagnosis and provide important prognostic information. The immunohistochemical approach should rest 
on the application of a panel including positive (mesothelial-related) and negative markers with greater than 
80% sensitivity and specificity, which need to be selected based on morphology and clinical information. 
Moreover, in challenging cases, fluorescent in situ hybridization (FISH) testing for the p16 deletion and 
IHC to evaluate the loss of BRCA1-associated protein 1 (BAP1) expression could be useful in distinguishing 
benign from malignant pleural proliferations. 

Keywords: Malignant pleural mesothelioma (MPM); histological diagnosis; immunohistochemistry (IHC); 

molecular markers

Submitted Sep 25, 2017. Accepted for publication Oct 17, 2017.

doi: 10.21037/jtd.2017.10.125

View this article at: http://dx.doi.org/10.21037/jtd.2017.10.125

284



S277Journal of Thoracic Disease, Vol 10, Suppl 2 January 2018

© Journal of Thoracic Disease. All rights reserved.   J Thorac Dis 2018;10(Suppl 2):S276-S284jtd.amegroups.com

Since the key indicator of malignancy remains the 
invasion of pre-existing tissue, multiple (a minimum 
of f ive biopsies is  recommended),  large and deep 
pleural biopsies comprising soft tissue of the parietal 
pleural tissue or lung are necessary. In this context, 
thoracoscopy is  considered the preferred biopsy 
technique (3-5).

In the present art icle,  we review some aspects 
concerning the pathological diagnostic approach of 
MPM, underlining the use of immunohistochemical 
and molecular markers. Particularly, we present the 
cytological features of malignancy and the histological 
patterns of MPM. Moreover, we focus on two main 
diagnostic problems: the differential  diagnosis of 
benign and malignant mesothelial proliferations and 
the differential diagnosis of MPM and other malignant 
pleural tumors.

Data sources

For this review article,  a PubMed search (http://
www.ncbi.nlm.nih.gov/pubmed), updated August 15, 
2017, was performed, combining the terms MPM and 
diagnosis. A total of 3,809 articles were found; only 
English language publications were considered. The 
most relevant articles selected as the basis for this 
review on MPM were detailed prospective studies in 
large series, evidence-based guidelines and papers 
on very specific areas, such as immunohistochemical 
and molecular markers with outlooks on the future. 

Reference materials also included textbooks.

Cytological diagnosis of MPM

A common symptom of mesothelioma is represented by 
recurrent pleural effusions, which are routinely submitted 
for cytological examination (smears and/or cell blocks). 
Since on cytology it is impossible to assess invasion by 
neoplastic mesothelial cells into sub-pleural tissue or lung 
parenchyma, establishing a definitive diagnosis of MPM 
by cytological examination alone remains controversial, 
especially in the light of the medico-legal implications 
correlated with the diagnosis of MPM (6,7). However, 
in selected cases in which more invasive procedures are 
contraindicated, the cytological diagnosis of MPM, which 
relies on a different set of both cellular and architectural 
features and is supported by ancillary techniques, can be 
performed, although its sensitivity is low compared to 
histology. In fact, the published sensitivity of cytology for 
the diagnosis of mesothelioma ranges from 30% to 75% 
(8-11). Moreover, in the cases in which histology is not 
available, a close correlation with clinical and imaging 
findings is essential for a definitive diagnosis. 

Not all MPMs exfoliate tumor cells in the pleural 
cavity; particularly, the malignant cells in sarcomatoid 
mesothelioma tend not to be shed into the effusion 
fluid. Thus, the effusion could only contain reactive 
epithelioid mesothelial cells, and these cells may mislead 
the pathologist. In these cases, a core biopsy (or larger 
specimens) is necessary to establish a definitive diagnosis, 
particularly when surgery is considered, because the 
presence of a sarcomatoid component may influence 
therapeutic management (12). 

There are several cytological features in pleural effusions 
that raise varying levels of suspicion for MPM, such as the 
extent of mesothelial proliferation, the presence of papillary 
structures, scalloped borders of cell clumps, intercellular 
windows, variation of cytoplasmic staining and its density, 
and low nuclear-to-cytoplasmic ratios (Figure 1). However, 
some of the cytomorphological findings of MPM are shared 
between reactive and malignant epithelioid mesothelial 
cells. Therefore, the differential diagnosis of mesothelial 
proliferations may be very difficult or even impossible in 
cytological specimens, underscoring the importance of 
ancillary techniques to clarify diagnosis (6,7). 

The application of immunocytochemistry (ICC) and 
molecular methods, such as fluorescent in situ hybridization 
(FISH) performed preferentially on cell blocks, increases 

Figure 1 Cytomorphology of the epithelioid mesothelioma cells 
in effusion. The specimen is highly cellular containing large and 
small tissue fragments (Papanicolaou stain; original magnification 
×200; bar =100 µ).
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the diagnostic accuracy of cytology (13-16). The differential 
diagnosis of MPM and the use of ICC and molecular 
markers in cytological samples are the same as in histological 
specimens. Several ICC markers, such as desmin, p53, 
epithelial membrane antigen (EMA), glucose transporter 
protein 1 (GLUT-1), insulin-like growth factor 2 messenger 
RNA-binding protein 3 (IMP-3), and CD146, have been 
proposed to assist in uncertain cases (17-24). Nevertheless, 
none of these markers, alone or in combination, appeared 
to be useful with sufficient confidence in the routine 
diagnosis of MPM (6). 

Among new ancillary tests, FISH that shows the 
homozygous deletion of p16 (CDKN2A) and the loss 
of BRCA1-associated protein 1 (BAP1) expression by 
immunocytochemistry are particularly useful to differentiate 
mesothelial hyperplasia (MH) from MPM. These two 
markers were shown to be highly specific for MPM; however, 
their low sensitivity limits their clinical utility (25-32). 

The cytological distinction between mesothelioma and 
secondary carcinoma is less problematic now than in earlier 
decades; overall, the sample is adequate for cell block 
preparation for various immunohistochemical studies (33). 
Because of the frequent litigation of cases of MPM and 
the availability of many mesothelial and adenocarcinoma 
markers, the guidelines strongly recommend that all cases 
should be confirmed with ICC/IHC (7).

Histologic patterns of MPM

MPM is a heterogeneous tumor, including three main 
histological subtypes: epithelioid (60–80%), sarcomatoid 
(<10%), biphasic/mixed (10–15%), and other less common 
ones (33). The recognition of the various histopathologic 
patterns facilitates differential diagnosis and subsequent 
ancillary tests. The invasion of the chest wall soft tissue 
or underlying lung parenchyma is still the most reliable 
indicator of malignancy.

MPM typically presents with lung encasement and relative 
sparing of the lung parenchyma, but pathologists should be 
aware of unusual presentations, including MPM cases with 
absent or scarce pleural involvement and presentation as 
metastatic disease or mimicking interstitial lung diseases (34).

Epithelioid MPM shows a wide range of histological 
patterns, and several distinct patterns are observed in the 
same neoplasm, although one pattern may predominate. 
Recently, the clinical and prognostic significance of many 
of these patterns has been demonstrated (35-37). Moreover, 
Kadota and collaborators proposed a nuclear grading system 

for epithelioid MPM with a prognostic value independent 
from histologic patterns (38). However, further studies are 
necessary to clinically validate this nuclear grading system.

Commonly, epithelioid tumors contain polygonal, oval 
or cuboidal cells that often mimic reactive mesothelial cells 
that occur in response to various types of injury. Mitoses 
are infrequent except for the more poorly differentiated 
epithelioid neoplasms, which are uncommon (6).

The most common secondary histological patterns 
of epithelioid MPM are tubulopapillary, solid, and 
trabecular, and psammoma bodies may present in any of 
these patterns (Figure 2A). Other less common patterns 
include micropapillary, adenomatoid (microcystic), 
clear cells, transitional, deciduoid, small cells, and 
lymphohistiocytic (33,39). Recently, a pleomorphic variant 
of MPM was identified, in which the cells show marked 
nuclear pleomorphisms in more than 10% of the tumors. 
Two different studies have shown that this pattern has 
highly aggressive behavior and poor survival, like that of 
sarcomatoid MPM (35,40). Additionally, the high-grade 
subgroup with a deciduoid pattern shows a much more 
aggressive clinical course (41). The fibrous reactive stroma 
present in epithelioid MPM can be scant or prominent, with 
various grades of cellularity that could make the distinction 
from true sarcomatoid component difficult. In these cases, 
BAP-1 IHC can be helpful, showing a loss of expression in 
areas of sarcomatoid mesothelioma (31).

Sarcomatoid mesothelioma is the least common 
but most aggressive of the three histological types of 
mesothelioma (42). The sarcomatoid pattern of MPM is 
usually characterized by the proliferation of spindle cells 
arranged in fascicles or haphazardly, with various grades of 
nuclear atypia and mitotic activity. The sarcomatoid tissue 
rarely shows heterologous differentiation, such as osteoid, 
bone or cartilage (33,43) (Figure 2B).

Desmoplastic MPM is characterized by proliferation 
in at least 50% of the bland spindle cells arranged in a 
“patternless” pattern within a band of dense collagenous 
stroma. The histological distinction between desmoplastic 
MPM and benign fibrous pleuritis can be difficult. In 
addition to invasion, histological criteria that indicate 
malignancy include cellular stromal nodules and bland 
necrosis or areas of epithelioid and sarcomatoid MPM 
(33,44) (Figure 2C).

Biphasic malignant mesotheliomas contain a mixture 
of epithelioid and sarcomatoid areas within the same 
tumor. Each pattern should constitute at least 10% of 
the neoplasm; when there is less of either, the malignant 
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mesothelioma can be designated predominantly sarcomatoid 
or epithelioid (33) (Figure 2D).

Immunohistochemical markers for the diagnosis 
of MPM 

IHC is integral to the diagnosis of MPM, representing 
the most useful and standard ancillary procedure to 
distinguish this malignancy from other types of cancer. 
The exact combination and number of antigens to 
evaluate is dependent on the histopathological patterns 
of MPM (epithelioid/sarcomatoid), the diagnostic 
dilemma to be resolved, and on the antibodies available 
in the pathology laboratory (45,46). Since none of the 
antibodies used for the diagnosis of MPM is 100% sensitive 
or specific, the International Mesothelioma Interest 
Group (IMIG) recommends an initial workup with an 
immunohistochemical panel comprising pancytokeratin 
(multiple keratins, such as AE1/AE3, CAM5.2) plus 

two mesothelial markers and two markers for the other 
tumor under consideration based on morphology. If the 
results are concordant, the diagnosis could be considered 
conclusive. If the results of this immunohistochemical panel 
are discordant, the pathologist should expand the panel 
of antibodies, always based on the differential diagnosis 
to resolve (6). The immunohistochemical markers should 
have sensitivity or specificity greater than 80%, and 
the interpretation of immunostains should consider the 
localization of the stain (membrane, nuclear, cytoplasmic) 
and the percentage of positive cells, in which more than 
10% has been suggested for cytoplasmic membranous 
markers (6).

Immunohistochemical staining with pancytokeratin 
is particularly useful in the diagnosis of MPM, since all 
mesotheliomas potentially show positive results. However, 
few (approximately 5–10%) sarcomatoid mesotheliomas are 
keratin-negative; in these cases, other mesothelial markers, 
such as calretinin and podoplanin (D2-40), could lead to 

Figure 2 Histological samples of malignant pleural mesothelioma (Hematoxylin-eosin stain; original magnification ×100; bar =100 µ). 
(A) Epithelioid mesothelioma, tubular pattern, clearly infiltrating the fat tissue; (B) sarcomatoid mesothelioma showing proliferation of 
haphazardly arranged atypical spindle cells; (C) desmoplastic variant characterized by proliferation of bland spindle cells arranged in a 
“patternless” pattern and by a more cellular stromal nodule infiltrating the fat tissue; (D) malignant mesothelioma contains both epithelioid 
and sarcomatoid areas within the same tumor (biphasic mesothelioma).

A B

C D
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the exact diagnosis (36,42). Based on their sensitivity and 
specificity, the most useful mesothelial markers to support a 
MPM diagnosis are calretinin, Wilms’ tumor gene (WT1), 
cytokeratin 5/6 (CK5/6), and D2-40 (6,33). However, 
negativity for the mentioned mesothelial antibodies does 
not exclude the diagnosis of MPM, since 30% of MPM 
presents a “null” phenotype (3). The choice of the other 
immunohistochemical markers included in the diagnostic 
panel depends on the tumor in differential diagnosis (see 
next paragraphs for more details).

Differential diagnosis of benign and malignant 
mesothelial proliferations

Reactive MH versus epithelioid/mixed MPM

As emphasized earlier in this review, the definitive diagnosis 
of MPM requires stromal or lung invasion and mostly 
relies on histological examination, with the exception of 
some cytological specimens. The differential diagnosis 
of benign from malignant mesothelial proliferations is 
crucial to patient care and has medical-legal implications 
because of the occupational relationship between MPM and 
asbestos exposure (14,46,47). Although reactive mesothelial 
proliferations are non-invasive, the entrapment of benign 
mesothelial cells within fibrous tissue can simulate 
neoplastic invasion. Therefore, this differential diagnosis 
is often morphologically difficult, making it necessary to 
resort to various ancillary tests. 

As mentioned above, several immunohistochemical 
markers are more l ikely to be posit ive in benign 
proliferations and others in malignant ones. These markers 
include desmin, p53, EMA, GLUT-1, IMP-3, and CD146 
(17-24). However, there is insufficient evidence to rely upon 
in single cases (6).

Currently, BAP1 IHC and p16 FISH represent the 
most effective analyses to discriminate between benign and 
malignant pleural lesions (16,25-31). 

BAP1 somatic mutations resulting in protein loss appear to 
be common in hereditary and sporadic mesotheliomas (25).  
Currently, there is considerable variability in the reported 
frequency of BAP1 protein loss; epithelioid/mixed 
mesotheliomas lose BAP1 more frequently than the 
sarcomatoid pattern, approximately 60–70% and 15%, 
respectively. Interestingly, recent studies have shown BAP1 
protein expression in all benign mesothelial proliferations 
and, although more data are needed, the specificity of BAP1 
loss is 100%, making BAP1 an excellent biomarker in the 

distinction between benign and malignant mesothelial 
proliferations (16,28-31).

Several recent studies have shown that the homozygous 
deletion of p16 by FISH is found only in mesotheliomas, 
whereas none of benign mesothelial proliferations showed 
a loss of p16 with a specificity of 100% (16,25-27). 
However, not all mesotheliomas harbor this deletion, and 
the sensitivity for epithelioid/biphasic MPM ranges from 
approximately 45% to 85%. The sensitivity of the p16 
FISH test is much higher in sarcomatoid mesothelioma; 
in some reports, the deletion is reported in up to 100% of 
cases; however, other studies report a lower proportion of 
p16-deleted sarcomatous tumors (16). 

Beyond the excellent specificity of these two markers, 
their low sensitivity limits their clinical utility, as the failure 
to identify p16 loss by FISH or BAP1 loss by IHC does 
not make a process benign. Recently, it has been reported 
that the limited sensitivity of each test may be improved by 
running both of them (32,48,49).

Fibrous organizing pleuritis versus desmoplastic MPM

Desmoplastic mesotheliomas are paucicellular processes 
that look like scars or organizing pleuritis at low power. 
The separation of benign fibrous entities from desmoplastic 
MPM could be extremely difficult (6,33,44,47). The 
invasion into adjacent tissue by neoplastic cells is often 
more difficult to visualize than in other histological types 
of MPM. Immunostaining for pancytokeratin is helpful 
to highlight the presence of the malignant cells into the 
stromal tissue. However, the pathologist should be careful 
to not confuse the true invasion of desmoplastic MPM with 
the fatlike spaces that may be present in some organizing 
pleuritis (50). This change is the result of traction artifact 
caused by inflammation and organization in the fibrous 
connective tissue. S-100 IHC can help to distinguish true 
fat from fake fat, which are usually positive and negative, 
respectively (50). 

In addition to stromal invasion, histological features that 
could be useful in this differential diagnosis include the 
uniformity of growth in organizing pleuritis with typical 
zonation constituted by increased cellular infiltrate under 
the effusion and less cellular infiltrate with more fibrosis 
towards the chest wall. Another feature is the presence 
of pleuritis with small capillaries oriented perpendicular 
to the surface opposite to the inconspicuous capillaries in 
the tumor. Furthermore, desmoplastic MPM could show 
nodular stromal expansions, foci of frank sarcomatoid 
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or epithelioid MPM, and bland tumor necrosis (14). 
Interestingly, molecular analysis of p16 by FISH could be 
particularly advantageous in the differential diagnosis of 
desmoplastic mesothelioma due to the high frequency of 
p16 homozygous deletion reported in the literature in this 
variant of MPM. On the other hand, immunohistochemical 
BAP1 loss is rarely present in sarcomatous and desmoplastic 
mesothelioma, demonstrating its limited value in this 
setting (51). 

Differential diagnosis of MPM and secondary 
tumors involving the pleura

Epithelioid/mixed malignant mesothelioma versus 
carcinoma

The differential diagnosis between epithelioid/mixed 
malignant mesothelioma and metastatic carcinoma 
to the pleura varies in relation to the morphological 
and clinical information, which guide the selection of 
the IHC panel. Indeed, IHC can greatly improve this 
diagnostic topic (6,33,45).

The most useful general carcinoma markers are 
carcinoembryonic antigen (CEA), BerEP4, CD15 (LeuM1), 
MOC31, BG8, claudin 4, and B72.3 (24,33,45,46). Other 
immunohistochemical markers can be used to confirm the origin 
of carcinoma. The primary differential diagnosis for epithelioid 
MPM is metastatic lung adenocarcinoma; in this case, the 
immunohistochemical panel should include the markers of lung 
adenocarcinoma thyroid transcription factor 1 (TTF-1) and 
napsin A (52). p40 is the best marker to distinguish MPM from 
squamous cell carcinoma, whereas CK5/6 does not solve this 
diagnostic dilemma since it is also expressed in MPM (53,54). 
Estrogen receptor, progesterone receptor, gross cystic disease 
fluid protein 15 (GCDFP-15), and mammaglobin, if positive 
markers, can be helpful in distinguishing MPM from metastatic 
breast carcinoma (55). PAX8 or PAX2 nuclear positivity 
differentiates renal cell carcinoma from MPM since they are not 
expressed in the mesothelial neoplasm (56). Adenocarcinoma of 
the gastrointestinal tract and of the prostate can be differentiated 
by CDX2 nuclear positivity and prostate specific antigen (PSA) 
cytoplasmic staining, respectively (46).

Sarcomatoid malignant mesothelioma versus spindle cell 
malignancy

The major differential diagnoses for sarcomatoid MPM are 
primary and secondary sarcoma and metastatic sarcomatoid 

carcinoma (39). 
IHC has a more restricted role for the differential 

diagnosis of sarcomatoid MPM than for the epithelioid/
mixed form, since mesothelial markers often show weak and 
focal expression or fail to identify mesothelial differentiation. 
The most useful markers for sarcomatoid MPM are 
calretinin and D2-40, which are expressed in a variable 
percentage of cases and which can recognize the mesothelial 
origin of the neoplasm (3,45). Most sarcomatoid/
desmoplastic MPMs are strongly positive for cytokeratins, 
whereas most sarcomas are keratin-negative. Thus, 
consistent keratin immunostaining combined with calretinin 
and D2-40 could be useful to distinguish spindle cell 
mesothelioma from sarcoma of a different lineage (57-59).  
Occasionally, the expression of muscle markers (muscle-
specific actin, smooth muscle actin, desmin) and/or neural 
markers (S-100, neuron-specific enolase) can be observed 
in sarcomatoid MPM. Therefore, the demonstration 
of positive staining for keratin and mesothelial markers 
is essential to confirm the diagnosis of MPM (43). 
Moreover, there are some keratin-positive sarcomas, such 
as angiosarcoma and monophasic synovial sarcoma. In 
these cases, the expression of specific lineage markers and 
the presence of characteristic genetic changes could solve 
diagnostic issues (57-59). In particular, monophasic synovial 
sarcoma is keratin- and calretinin-positive; then, the 
identification of the chromosomal translocation t(X;18) is of 
great aid when this entity enters differential diagnosis (60).

Clearly, positive results for keratins alone do not rule 
out a metastatic sarcomatoid carcinoma. In this setting, 
the positivity of mesothelial markers (calretinin, D2-40) 
supports the diagnosis of sarcomatoid MPM (45).

Discussion

The diagnostic process of MPM is complex and can be one 
of the greatest challenges faced by the practicing surgical 
pathologist. The definitive pathological diagnosis of MPM 
usually requires a tissue specimen (and, less frequently, 
cytology) to demonstrate that the tumor has a mesothelial 
phenotype and that it shows neoplastic invasion as 
opposed to reactive MH. Evidence of MPM on cytological 
examination should be confirmed with histological analysis, 
or if biopsy is not feasible, the cytological diagnosis should 
be always supported by clinical, radiologic, and surgical 
findings.

The identification of the histological appearance 
(epithelioid, biphasic, sarcomatoid) of MPM could facilitate 
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diagnosis and provide important prognostic information 
since the histotype is still the best predictor of prognosis.

IHC is fundamental for the diagnosis and differential 
diagnosis of MPM. The immunohistochemical approach 
should rely on the application of a panel including positive 
(mesothelial-related) and negative markers as suggested 
by morphology and clinical information when available. 
Moreover, molecular analysis, such as a FISH assay for 
the p16 homozygous deletion, and immunohistochemical 
evaluation of BAP1 expression could be useful in selected 
cases, distinguishing benign from malignant pleural 
proliferations.
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