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The tumor known as mesothelioma affects the serosal membranes, which 
include the testes' tunica vaginalis, peritoneum, pleura, and pericardium. In 
nations such as Italy, the global incidence of Malignant Mesothelioma (MM) is 
approximately 1.15 percent out of a hundred thousand people. Malignant 
Pleural Mesothelioma (MPM), which makes up around 80% of cases, is the 
most prevalent type of mesothelioma. Although mesothelioma is not prevalent 
in the general population as a whole, it is linked to exposure to mineral fibers 
and industrial contaminants, with asbestos being responsible for 
approximately 80% of instances. In the upcoming years, it is anticipated that 
the prevalence of MPM will gradually increase globally due to the continued 
contamination with asbestos in several nations. The tumor invades 
neighboring structures, causing pleural effusion, discomfort, and dyspnea, and 
It proceeds from the prefrontal toward the visceral lining following a pattern 
such as loco-regional of development. Recent research has examined the role 
of BAP, which was-1 as well as MTAP in the prognosis for the long-term of MPM 
as well as the diagnosis of cancer in place. There are several aspects of 
managing preinvasive lesions in mesothelioma that are unknown and up for 
debate. Three things are necessary to provide sufferers with the treatment they 
require: the determination of the illness, the current state of the illness, as well 
as an accurate and thorough examination of the patient.
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Introduction

 solid tumor derived from pleural mesothelial cells Ais known as malignant pleural mesothelioma 
(MPM). It is linked to prior asbestos contact; 

testing for the condition is difficult since MPM rarely 
displays symptoms right away after fiber exposure it can 

1take up to 40 years.  The likelihood of recovery from 
MPM, an uncommon malignancy, is extremely dismal. 
Klemperer and Rabin provided the initial description of it, 
distinguishing between the diffuse as well as localized 

2,3forms of MPM.  In the US, the yearly incidence of MPM is 
thought to be 1 in 100,000, with about 3,000 additional 
instances reported annually. Men are more likely to have 
it, and most patients are older than 65. The prevalence of 
MPM in the USA surged at the beginning of the decade 
but thereafter began to decrease, primarily among 

4 patients of males. Nonetheless, MPM rates continue to 
rise globally. The greatest number in industrialized 
nations like the United Kingdom along with Australia is 

5anticipated to happen before 2030.  On the other hand, it 
is anticipated that mesothelioma cases will rise sharply in 
emerging nations because asbestos exposure remains 

6,7prevalent in work environments.  Based on the SEER 
databases, the overall incidence of MPM remained at 0.7 
out of 100.000 persons yearly, having a gender disparity 
of between 0.3 for women and 1.3 among men. 
Frequency statistics over the past ten years indicate that 
the number of women has stayed constant, whereas the 
proportion of men surged in 1992 to about 2.6/100.000 

8persons/year after which it declined steadily.  The single 
most significant risk factor for MPM is being exposed to 
asbestos at work. Cement, swimming pools including 
ceiling tiles, car brake linings, as well as shipbuilders all 
employ asbestos. It was previously believed that 
asbestos workers had a 10% lifetime chance of acquiring 

9 MPM. The majority of patients are suffering from severe 
disease when they are diagnosed; the prognosis is 
terrible, with an average survival time of seven to twelve 
months whether receiving chemo or palliative treatment, 

10correspondingly.  MPM has been scientifically linked to 
the inhibition of the nuclear deubiquitinase BRCA1-
associated protein 1 (BAP1), an essential regulator of 

11,12gene transcription linked to carcinogenesis.  A pair of 
families with a high rate of MPM incidence were found to 
have germline mutations in BAP1, while 23% of MPM 
tumor tissues had BAP1 inactivation due to somatic 
mutations. These new findings indicate that people who 
have lost BAP1 may be more susceptible to MPM, 
particularly if they have been exposed to asbestos. 
Although genetic screening methods are still being 
developed, close observation and early therapy may be 

13,14necessary.  The World Health Organization (WHO) 
categorization includes three major subtypes: epithelioid, 
sarcomatous, and biphasic, which vary from one another 
in terms of average survival. The duration of the epithe-

lioid type is 14 months, whereas both sarcomatous as 
well as biphasic variants are 3 and 12 months respect-

15,16ively.  Thus, the likelihood of recovery for MPM is very 
detrimental and there are limited treatment choices.
This study aims to investigate some of the common 
issues faced in mesothelioma diagnosis rather than 
provide a comprehensive guide to the disease, especially 
in light of its highly variable appearance as well as 
characteristics. Even though we acknowledge the value 
of Cytopathology and agree that, in the hands of a skilled 
practitioner, it can consistently point to the confirmation 
of mesothelioma, it is sometimes ambiguous and necess-
itates biopsy confirmations. Cytology, for instance, lacks 
confirmation of invasive malignancy, which is typically 
essential for diagnostic purposes. Numerous categories 
apply to diagnostic difficulties. Identifying whether or not 
a biopsy specimen is cancerous or not can be difficult 
because of the differences between responsive mesoth-
elial hyperplasia versus epithelioid mesothelioma, as well 
as reactive sarcomatoid or desmoplastic mesothelioma 
and pleural fibrosis. When determining whether maligna-
ncy has developed, it is important to distinguish between 
sarcomatoid mesothelioma and other forms of malignant 
connective tumor that may sporadically involve the 
pleura, as well as between epithelioid mesothelioma as 
well as metastatic carcinoma, especially in patients with 
previous history of cancer or peculiar radiology. On the 
other hand, mesothelioma in situ (MIS) localized lesions 
remain difficult to diagnose and many elements of its care 
are up for controversy. This is primarily because MIS was 
just recently identified as an independent disease and no 
established recommendations for the management of it 
are currently being published.

Malignant Pleural Mesothelioma: Genetics 
and Risk Factors

Although mesothelioma is rare and the production of 
products including fibers was outlawed in several 
counties for more than 20 years, the number of cases of 
MPM is still rising., but it remains legal in others. This is 
mostly due to an elderly population that is genetically 
vulnerable, the consequences of asbestos take 20 to 40 
years to manifest. The WHO has been monitoring infor-

17 mation on epidemiology related to MPM until 1994.
MPM is often classified as an invasive cancer once it has 
progressed throughout all pleural levels. Mesothelial cells 
undergo neoplastic changes due to an overabundance of 
genetic defects that drive mutant cells to proliferate.

Mesothelioma Associated with Asbestos

Asbestos is the most significant carcinogenic agent 
related to MPM. Cancer begins on the outer surfaces, and 
multiple pathogenetic processes have been identified 

18and proposed.  (I) Asbestos fibers are capable of irritating 
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19the pleura, leading to fibrosis or cancer.  (II) They can also 
infiltrate mesothelial cells, disrupt mitosis, and cause 
DNA alterations that change the makeup of chromo-

20somes.  (III) Asbestos produces oxygen-free radicals, 
which cause DNA damage as well as inhibit repairing 

21systems within cells.  (IV) By interfering with early-
response protooncogenes, asbestos can cause irregular 
proliferation of cells via an extracellular signalregulated 
kinase (ERK) 1 and 2 pathway along with mitogen-

22activated protein (MAP) kinases.  Crocidolite, amosite, 
and Chrysolite have all been utilized recently, particularly 
in the decades between the 1960s and the 1970s, for 
mechanical, industrial, as well as civil/citizen applica-

23,24 tions. There were a few reported occurrences of MPM 
among the miners along with their loved ones during the 
1960s crocidolite asbestos mining in the northwest region 
of the Cape Province, in South Africa. even though it has 
been demonstrated that different types of asbestos may 
have an impact on MPM formation. Certain assertions 
state that chrysotile is among the least carcinogenic 

25-27varieties while crocidolite is the worst.  Although a very 
frequent as well as widely recognized factor contributing 
to mesothelioma is without a doubt exposure to 
asbestos, nearly 20% of patients do not have an 
antecedent of asbestos exposure. Further investigation 
along with genetic testing has highlighted the likelihood 
that chemicals like potassium bromate, nitrosamines, 
nitrosureas, and ferric saccharate, alongside inheritable 
characteristics are products of permanent exposure to 
bio-persistent mineral compounds and radiation thera-
pies, though it's still conceivable that these individuals 

28,29were accidentally exposed to.

Mesothelioma Unrelated to Asbestos

Fibers made from minerals like erionite as well as fluoro-
edenite that have an arrangement like asbestos-
containing materials, are another contributory factor for 
the emergence of MPM. Furthermore, numerous cancers 
are connected to radiation; in particular, research has 
shown a link between being exposed to radiation along 
with individual cancerous mesothelioma. Carbon nano- 
tube with many walls-7 has been categorized by the 
International Agency for Research on Cancer (IARC) as a 
potential carcinogen for humans. Recent research has 
shown that rats' lungs developed malignant pleural 
mesothelioma as a result of intratracheal MWCNT-7 

30,31instillation.
Therefore, it follows that inflammatory signaling proteins 
are often upregulated in malignancies, whereas MM is not 
an anomaly. Mice given autologous mesothelioma xeno-

32grafts cause inflammation before the tumor's formation.  
The pathophysiology of MPM has been linked to 
increased levels of interleukins 1, 6, and 10, growth 
factors like G-CSF, (HGF-Hepatocytes Growth Factor)/ 
scatter factor, and vascular endothelial growth factor 

(VEGF), and chemokines like CCL2 (C-C motif ligand 2), 
CCL5, CXCL1 (C-X-C Motif Chemokine Ligand 1), and 
IFN-γ. One important damage-associated molecular 
pattern (DAMP) protein involved in controlling inflamma-
tion the protein is known as Fast Movement Unit 1. An 
autocrine circuit that affects cell survival and proliferation 
when this mesothelial cell is first developing transition is 

33brought on by exposure to asbestos and erionite.  
Furthermore, HMGB1 may promote cadherin expression, 
which in turn promotes cellular mesenchymal growth 

34 linked to cancerous phenotypes. The blood level of 
HMGB1 is viewed in this perspective as an indicator of 
prediction to evaluate those at elevated danger of 
suffering MPM, particularly occupational workers, even if 
the initial studies have only been conducted in a limited 

35,36group. However, even while smoking is linked to  
several cancers, it doesn't count as a factor that carries 
risk. Even if individuals have differing views in scientific 
research about simian virus 40's (SM40) capacity for 
triggering cancer in humans, the IARC decided not to 

37classify SM40 as carcinogenic in humans.

Mesothelioma and the BAP-1 Hereditary 
Cancer Predisposition Syndrome

Gluconeogenesis, apoptosis, cell differentiation, glucon-
eogenesis, transcription, and nuclear material are all 
regulated by the nuclear protein BAP1. A condition 
involving uveal as well as cutaneous melanoma, mesoth-
elioma, and additional neoplasms is believed to be 

38caused by a germ-line alteration in BAP1.  Although 
BAP1 mutations may result in increased vulnerability, 
genetic study suggests that the high prevalence of 
mesothelioma in families where just one member works 
near asbestos can be due to the fibers moving through 
the individual's clothes and skin to other members of the 
family. Notably, relative to another type, BAP1 alterations 
appear to prompt more often for epithelial MPM; this 
finding has significant consequences for diagnosis and 

39prognosis.
BAP-1's participation in chromatin remodeling is one of 
its main functions. In actuality, it modifies the intricate 
equilibrium of histone H2A ubiquitination, which is 
thought to be connected to cancerous pathways, to 

40modify chromatin architecture.  Furthermore, BAP-1 
controls the reaction to injury to DNA in a variety of ways. 
The BRCA1/BARD1 complex interacts with BAP1 to carry 
out the DNA damage-repairing pathway. In the RAD51-
mediated procedure BAP-1, also referred to as homology 
of DNA repair, is responsible for regulating the replication 

41,42of the RAD51, BARD 1, and BRCA1 genes.  Host Cell 
Factor 1 (HCF1) is responsible for controlling the cell 
cycle and promoting cell proliferation by facilitating the 
transition of the cell cycle from the G1 to the S phase. 
Research has indicated the significance of BAP-1 in this 
procedure; if BAP-1 is knocked down at this level, the cell 
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43,44cycle may be disrupted during the G1 phase.  
BAP-1 additionally plays a role in regulating the regulation 
of the genes linked to cell proliferation, in addition to 

45HCF1 and YY1.  Furthermore, a connection between 
BAP-1 along apoptosis regulation has been demonst-
rated by recent investigations. Regarding BAP-1, which is 
found in the endoplasmic reticulum (ER), it participates in 
the process linked to apoptosis that releases calcium 

46 from the ER into the cytoplasm.
There are two kinds of BAP-1 alteration: somatic as well 
as germline, and both are linked to a higher chance of 

47developing cancer.  The BAP-1 germline variation is an 
autonomously dominant variation that is typified by 
frameshift as well as missense mutations. Three inves-
tigations have highlighted an increased risk of inherited 
malignancies among those suffering from uveal melan-
oma, cutaneous melanoma, cancer of the pleura, and 
carcinoma of the kidney who had a germline change of 
BAP-1. The autonomously dominant mode of inheritance 
for the germline BAP-1 alteration was validated by studies 
conducted on mice. People and afflicted households are 
at a greater risk of getting the presence of MPM along with 
additional cancers due to the BAP, which was a variant in 

48this demographic.  This type of mutation is typical of 
BAP-1 TPDS, which is commonly referred to as "tumor 
predisposition syndrome." 85% of people with BAP-1 
TPDS would get at least one malignancy, with a mean age 

49 beginning at 50 years old. Those with a germline 
mutation typically develop similar neoplasms to the 
somatic BAP-1 alteration. Eighty-four percent of 
individuals with disseminated uveal melanomas have 
intrinsic BAP-1 mutation. Spontaneous melanomas and 
somatic BAP-1 alterations might be more likely to result in 
dissemination. In summary, irrespective of the degree of 
asbestos exposure, a mutation in the tumor-suppressor 
gene BAP-1 is linked to a greater likelihood of developing 
MPM. A germline BAP-1 variant is responsible for the 
development of the BAP-1-associated genetic cancer 
risk syndrome. Compared to wild-type MPM, germline as 
well as somatic BAP-1 MPM exhibit a longer survival 

50rate.  To accurately identify mesotheliomas in situ MIS, 
pleural tissues must undergo routine analysis to 

51determine the BAP-1 status.

NF2 and CDKN2A's Impact on the 
Development of Malignant Mesothelioma

By using fluorescent in situ hybridization (FISH) on the 
spindle cell component, it may be possible to identify 
homozygous deletion of the CDKN2A(p16) gene in 
comparison to BAP1 loss. This could help differentiate 
between ambiguous instances as well as benign florid 
stromal reactions, as well as the actual sarcomatoid 

52element that makes up biphasic MPM.  A person's risk of 
developing meningiomas, malignant mesothelioma, 
bilateral vestibular schwannomas, and spinal schwann-

53omas is increased by the tumor suppressor gene NF2.  
About 40% of mesotheliomas have an NF2 mutation, 
which causes the transcriptional coactivator YAP (Yes-
Associated Protein) to be hypo-phosphorylated. The 
transcriptional activation of genes linked to cell prolifer-
ation, such as cyclin D1 (CCDN1), and growth factors, 
such as connective tissue growth factors (CTGF), 
happens when YAP is hypo-phosphorylated. One of the 
two primary effectors of the Hippo pathway, YAP, has an 
ortholog in TAZ, the gene that codes for tafazzin. 
According to data from twelve of the 14 MPM samples, 
MPM is one of the few tumors that has mutations in genes 

54linked to the hippocampus pathway.  The p16 gene is a 
member of the INK4 family, which is a modulator of cyclin-
dependent kinase 4a that suppresses tumor growth as 

55,56well as cell division.  It is found on chromosome 9p21, 
and certain cancers are linked to the absence of heterozy-

55gosis.  Numerous proteins that control the RB1, which is 
p53 process in addition to regulating the cell cycle are 
encoded through the p16 genomes. The pRb-E2F circuit 
is inhibited by P16 throughout the cell cycle. pRb 
synthesizes CDK4 and CDK6 throughout cell division, 
starting after the G1 stage and continuing into the S 
phase. One genetic change that is commonly observed in 
cancer involves the genomic deactivation of p16.. In 
pancreatic adenocarcinomas (85%) as well as breast 

57cancer (20%), P16 is frequently inactivated.  If pleural 
proliferations or probable malignant mesothelioma are 
found after a biopsy investigation, P16 FISH analysis is 

58crucial.  In addition to BAP-1 loss, the loss of 
CDKN2A/p16 function is significantly linked to the growth 
of MPM and would be taken into account when cytologi-
cally evaluating pleural effusions. Sarcoidosis mesothe-

59lioma is mostly linked to this lack of function .

Management of MPM

Clinical signs of malignant pleural mesothelioma or 
pleural proliferation are usually nonspecific and mild. The 
most prevalent medical symptom is pleural effusion. On a 
chest X-ray, it usually appears as a unilateral pleural 
effusion. In addition, if pleural hypertrophy is seen, an X-
ray may not be the only test done to diagnose MPM.  
During CT scanning for diagnosis, pleural thickness, 
interlobar fissure involvement, chest wall invasion, and 
pleural effusion are typically identified. A recent examina-
tion of CT diagnostic efficacy found that the test had a 
pleural malignancy sensitivity of 68% as well as a 

60 specificity of 78%. MRI provides superior soft tissue 
contrast in comparison to CT (20). A gadolinium contrast 
agent may improve the delineation of T3 disease and aid 
in the identification of potential neoplastic foci in the 

61 diaphragm, pericardium, or chest wall. To facilitate the 
assessment of the locoregional tumor extension, a clear 
view of the endothoracic architecture, and, when 
necessary, the application of an efficient chemical 
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pleurodesis, thoracoscopy is frequently performed 
during the diagnostic stage. A safe method for verifying a 
histological diagnosis is to take at least five biopsies of 
the troublesome pleura during a medical thoracoscopy to 
acquire a representative sample of the lesions along with 
probably even the seemingly normal pleura. Appropr-
iately deep parietal pleural samples are necessary to 
measure the chest wall's intrusion of muscle as well as 

62,63fatty tissue.  The preferred method in certain situations, 
and required in the case of intricate pleural spaces (such 
as low and loculated effusion), is video-assisted thoraco-
scopy (VATS). This technique enables the practice of 
additional pleurotomies using straight optics without the 
need for a functioning route and additional tools required 
for a more complicated method. Thoracoscopy has a very 
high diagnostic sensitivity, with percentages as high as 

6498%.  Remarkably, to control a recurrent or large pleural 
effusion, obliteration of the pleural space may also be 

65,66necessary for pleurodesis in its advanced phases.
It doesn't appear to be for lack of desire or effort, but 
regrettably, there aren't many options when it comes to 
treating MPM. According to National Multifunctional 
Oncology Program recommendations, a chemotherapy 
drug called in combination with cisplatin and perhaps 
bevacizumab is the primary treatment option for MPM 
[67,68]. A humanized monoclonal antibody called 
bevacizumab suppresses vascular endothelial growth 
factor (VEGF), one of the major growth factors involved in 
the pathophysiology of MPM. It has been shown that 
adding bevacizumab to pemetrexed with cisplatin greatly 

69improves overall survival (OS) in 448 MPM patients.  
Vinorelbine, gemcitabine, and other biological treatments 

70are examples of second-line therapy.  Individuals who 
are willing to assume risks associated with surgery only 
and whose tumor stage is low are candidates for surgical 
therapy, specifically pleurectomy/decortication. If this 
cytoreduction may greatly enhance the patient's lifestyle 
without causing undue morbidity, It might require 
removing the malignant cell bulk including the pleura that 
is in part. Lymph nodes involved should receive special 
attention; they should be sampled throughout the 
surgery, and a positive result significantly lowers 

71,72survival.

Potential Association between In Situ 
Mesothelioma and Mesothelial Hyperplasia

As previously mentioned, the VATS technique is a wise 
managerial decision to eliminate the space within the 
pleura, diagnose the condition, and start pleurodesis, a 
palliative measure for malignant pleural effusions that 
stops the effusion from recurring. The inability to remove 
all of the pleural fluid because of the distance apart 
among pleura's many locations and the undependable 

73lung are the two main contraindications of pleurodesis.  
To prevent the effusion from recurring, a symphysis 

between the parietal and visceral pleura needs to be 
established. A significant inflammatory reaction is 
triggered by talcum powder instillation, which ultimately 
leads to a well-organized fibrinous pleuritis in the pleural 
cavity. Mesothelial cells are crucial at this point. 
The substantial destruction of the outermost layer of the 
mesothelium comes first, followed by the effectiveness of 
chemical pleurodesis, which sets off an inflammatory 
cascade suitable for forming collagen fibers that would 
result in pleural symphysis. Chemokines including 
interleukin 8, TNF alpha, VEGF (vascular endothelium 
transformation factor), PDGF (platelet-derived develop-
ment factor), bFGF (fundamental fibroblasts growth 
component), translating growth hormone beta, and 
MCP1, are released by damaged mesothelial cells and 
set off the inflammatory cascade. The activation of 
fibrinolysis and fibrinogenesis is balanced at the same 
time. Because angiogenetic stimulation should enhance 
the development of pleural fluid and so render pleuro-
desis ineffective, angiogenesis is likewise coordinated 

73 amongst stimulants as well as regulation. An essential 
component of chemical pleurodesis is inflammatory 
conditions. A histiocytic as well as granulomatous 
reactivity to an external element is brought on by the talc. 
This reaction was verified in an animal model where the 
administration of nonsteroidal anti-inflammatory medici-

74 nes failed talc pleurodesis. The literature has long 
established that chronic Tumorigenesis as well as the 
progression of malignancies at all phases depend on 
inflammatory processes, which stimulate the protons in 
the cogenetic circuit. It has been demonstrated that the 
stimulation of interleukins 6, 17, and 11 stimulates the 
development of cancer cells, especially in certain 
conditions such as hypoxia along with oxygen depriva-

75tion.  Research showed that interleukin 11 promotes 
fibroblast growth factor-beta with rectal cancer of the 
colon, leading to tumor expansion along with evasion of 

75,76the immune system.  Although talc pleurodesis is a 
recognized palliative treatment for MPM, it may 
accelerate the development of disorders like AMH and 
MIS that are malignant. Its application to the manage-
ment of mesothelial hyperplasia and MIS is, in fact, still up 
for discussion. In these situations, selecting the optimal 
course of treatment may be aided by an accurate 
multidisciplinary discussion. Pleurodesis may be the final 
option for benign or perhaps malignant pleural effusions 
that have not shown any benefits from indwelling pleural 

77catheters, according to Blintcliffe et al.   However, in vitro 
findings imply that keeping a pleural effusion going may 

78,79aid in the survival and growth of cancer cells.  With a 
typical duration of five years, the progression time for MIS 

80is defined as ranging from twelve to ninety months.

Conclusion

After five years, MPM is an uncommon illness that has a 
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significant death rate. The prognosis is still dismal even if 
there has been significant progress in recent years 
regarding patients' therapy possibilities. To reach a 
definitive diagnosis, a thoracoscopic biopsy remains the 
most effective procedure. Currently, surgery, radiation, 
and chemotherapy are used in a multimodality strategy; 
however, innovative, specialized treatments, including 
ICI, have demonstrated promising results. There are still a 
lot of unanswered questions regarding its preinvasive 
versions, such as AMH and MIS. In particular, there are 
several contentious areas in MIS management, and AMH 
doesn't offer any precise instructions for relevant follow-
up. Therefore, the primary objective of potential specula-
tive investigation to identify the optimal program of 
therapy ought to aim to improve our awareness of all 
preinvasive lesions as well as how they progress into 
cancer. although there remains plenty of time to go until 
persons suffering from MPM can recover, more research 
might be the answer. 

References

1. Bibby AC, Tsim S, Kanellakis N, Ball H, Talbot DC, 
Blyth KG, et al. Malignant pleural mesothelioma: an 
update on investigation, diagnosis and treatment. 
Eur Respir Rev. 2016;25(142):472-86.

2. Nakas A, Martin-Ucar AE, Edwards JG, Waller DA. 
Localised malignant pleural mesothelioma: a 
separate clinical entity requiring aggressive local 
surgery. Eur J Cardiothorac Surg. 2008;33(2):303-6.

3. Ribak J, Lilis R, Suzuki Y, Penner L, Selikoff IJ. 
Malignant mesothelioma in a cohort of asbestos 
insulation workers: clinical presentation, diagnosis, 
and causes of death. Occup Environ Med. 1988;45 
(3):182-7.

4. Howlader N, Noone A, Krapcho M, Garshell J, 
Neyman N, Altekruse SF. Previous Version: SEER 
cancer statistics review, 1975–2010. Natl Cancer 
Inst. 2013;21:12.

5. Robinson BM. Malignant pleural mesothelioma: an 
epidemiological perspective. Annals of cardiotho-
racic surgery. 2012;1(4):491.

6. Antman KH. Natural history and epidemiology of 
malignant mesothelioma. Chest. 1993;103(4):373S-
6S.

7. Tan E, Warren N, Darnton AJ, Hodgson JT. Projection 
of mesothelioma mortality in Britain using Bayesian 
methods. Br J Cancer. 2010;103(3):430-6.

8. Cai ED, Swetter SM, Sarin KY. Association of multiple 
primary melanomas with malignancy risk: A popula-
tion-based analysis of entries from the Surveillance, 
Epidemiology, and End Results program database 

during 1973-2014. J Am Acad Dermatol. 2023;88(5): 
e211-9.

9. Selikoff IJ, Hammond EC, Seidman H. Latency of 
asbestos disease among insulation workers in the 
United States and Canada. Cancer. 1980;46(12): 
2736-40.

10. Geltner C, Errhalt P, Baumgartner B, Ambrosch G, 
Machan B, Eckmayr J, et al, Austrian Mesothelioma 
Interest Group (AMIG). Management of malignant 
pleural mesothelioma–Part 1: Epidemiology, diagn-
osis, and staging: consensus of the Austrian Mesoth-
elioma Interest Group (AMIG). Wien Klin Wochenschr. 
2016;128:611-7

11. Carbone M, Ferris LK, Baumann F, Napolitano A, Lum 
CA, Flores EG, et al. BAP1 cancer syndrome: 
malignant mesothelioma, uveal and cutaneous 
melanoma, and MBAITs. J Transl Med. 2012;10:1-7.

12. Carbone M, Yang H, Pass HI, Krausz T, Testa JR, 
Gaudino G. BAP1 and cancer. Nat Rev Cancer. 
2013;13(3):153-9.

13. Testa JR, Cheung M, Pei J, Below JE, Tan Y, 
Sementino E, Cox NJ, Dogan AU, Pass HI, Trusa S, 
Hesdorffer M. Germline BAP1 mutations predispose 
to malignant mesothelioma. Nat Genet. 2011;43(10): 
1022-5.

14. Bott M, Brevet M, Taylor BS, Shimizu S, Ito T, Wang L, 
et al. The nuclear deubiquitinase BAP1 is commonly 
inactivated by somatic mutations and 3p21.1 losses 
in malignant pleural mesothelioma. Nat Genet. 
2011;43(7):668-72.

15. Moro J, Sobrero S, Cartia CF, Ceraolo S, Rapanà R, 
Vaisitti F, et al. Diagnostic and therapeutic challenges 
of malignant pleural mesothelioma. Diagnostics. 
2022;12(12):3009.

16. Meyerhoff RR, Yang CF, Speicher PJ, Gulack BC, 
Hartwig MG, D'Amico TA, et al. Impact of mesothe-
lioma histologic subtype on outcomes in the Surveill-
ance, Epidemiology, and End Results database. J 
Surg Res. 2015;196(1):23-32.

17. Delgermaa V, Takahashi K, Park EK, Le GV, Hara T, 
Sorahan T. Global mesothelioma deaths reported to 
the World Health Organization between 1994 and 
2008. Bull World Health Organ. 2011;89(10):716-24.

18. Robinson BW, Lake RA. Advances in malignant 
mesothelioma. N Engl J Med. 2005 Oct 13;353(15): 
1591-603.

19. Sebastien P, Janson X, Gaudichet A, Hirsch A, 
Bignon J. Asbestos retention in human respiratory 
tissues: comparative measurements in lung parenc-
hyma and in parietal pleura. IARC Sci Publ. 1980;(30): 
237-46.

Pak. J. Chest Med. 2023;29(03)

Challenges and Solutions in Pathological Diagnosis of Malignant Pleural Mesothelioma



394

20. Ault JG, Cole RW, Jensen CG, Jensen LC, Bachert 
LA, Rieder CL. Behavior of crocidolite asbestos 
during mitosis in living vertebrate lung epithelial cells. 
Cancer Res. 1995;55(4):792-8.

21. Kamp DW, Israbian VA, Preusen SE, Zhang CX, 
Weitzman SA. Asbestos causes DNA strand breaks 
in cultured pulmonary epithelial cells: role of iron-
catalyzed free radicals. Am J Physiol-Lung Cell Mol 
Physiol. 1995;268(3):L471-80.

22. Zanella CL, Posada J, Tritton TR, Mossman BT. 
Asbestos causes stimulation of the extracellular 
signal-regulated kinase 1 mitogen-activated protein 
kinase cascade after phosphorylation of the epider-
mal growth factor receptor. Cancer Res. 1996;56(23): 
5334-8.

23. Yang H, Testa JR, Carbone M. Mesothelioma 
epidemiology, carcinogenesis, and pathogenesis. 
Curr Treat Options Oncol. 2008;9:147-57.

24. De Assis LV, Isoldi MC. The function, mechanisms, 
and role of the genes PTEN and TP53 and the effects 
of asbestos in the development of malignant mesoth-
elioma: a review focused on the genes' molecular 
mechanisms. Tumour Biol. 2014;35:889-901.

25. Wagner JC, Sleggs CA, Marchand P. Diffuse pleural 
mesothelioma and asbestos exposure in the North 
Western Cape Province. Occup Environ Med. 1960; 
17(4):260-71.

26. Magnani C, Fubini B, Mirabelli D, Bertazzi PA, Bianchi 
C, Chellini E, et al. Pleural mesothelioma: epidemio-
logical and public health issues. Report from the 
Second Italian Consensus Conference on Pleural 
Mesothelioma. Med Lav. 2013;104(3):191-202.

27. McDonald AD, McDonald JC. Mesothelioma after 
crocidolite exposure during gas mask manufacture. 
Environ Res. 1978;17(3):340-6.

28. Farioli A, Ottone M, Morganti AG, Compagnone G, 
Romani F, Cammelli S, et al. Radiation-induced 
mesothelioma among long-term solid cancer survi-
vors: a longitudinal analysis of SEER database. 
Cancer Med. 2016;5(5):950-9.

29. Ngamwong Y, Tangamornsuksan W, Lohitnavy O, 
Chaiyakunapruk N, Scholfield CN, Reisfeld B, 
Lohitnavy M. Additive synergism between asbestos 
and smoking in lung cancer risk: a systematic review 
and meta-analysis. PLoS One. 2015;10(8):e0135798.

30. Xu J, Futakuchi M, Shimizu H, Alexander DB, 
Yanagihara K, et al. Multi-walled carbon nanotubes 
translocate into the pleural cavity and induce visceral 
mesothelial proliferation in rats. Cancer Sci. 2012; 
103(12):2045-50.

31. Fukushima S, Kasai T, Umeda Y, Ohnishi M, Sasaki T, 
Matsumoto M. Carcinogenicity of multi-walled 

carbon nanotubes: challenging issue on hazard 
assessment. J Occup Health. 2018;60(1):10-30.

32. Hillegass JM, Shukla A, Lathrop SA, MacPherson 
MB, Beuschel SL, Butnor KJ, et al. Inflammation 
precedes the development of human malignant 
mesotheliomas in a SCID mouse xenograft model. 
Ann N Y Acad Sci. 2010;1203(1):7-14.

33. Jube S, Rivera ZS, Bianchi ME, Powers A, Wang E, 
Pagano I et al. Cancer cell secretion of the DAMP 
protein HMGB1 supports progression in malignant 
mesothelioma. Cancer Res. 2012;72(13):3290-301.

34. Qi F, Okimoto G, Jube S, Napolitano A, Pass HI, 
Laczko R, et al. Continuous exposure to chrysotile 
asbestos can cause transformation of human 
mesothelial cells via HMGB1 and TNF-α signaling. 
Am J Pathol. 2013;183(5):1654-66.

35. Napolitano A, Antoine DJ, Pellegrini L, Baumann F, 
Pagano I, Pastorino S, et al. HMGB1 and its 
hyperacetylated isoform are sensitive and specific 
serum biomarkers to detect asbestos exposure and 
to identify mesothelioma patients. Clin Cancer Res. 
2016;22(12):3087-96.

36. Tabata C, Shibata E, Tabata R, Kanemura S, Mikami 
K, Nogi Y, et al. Serum HMGB1 as a prognostic 
marker for malignant pleural mesothelioma. BMC 
Cancer. 2013 Dec;13:1-6.

37. Moro J, Sobrero S, Cartia CF, Ceraolo S, Rapanà R, 
Vaisitti F, et al. Diagnostic and therapeutic challenges 
of malignant pleural mesothelioma. Diagnostics. 
2022;12(12):3009.

38. Walpole S, Pritchard AL, Cebulla CM, Pilarski R, 
Stautberg M, Davidorf FH, et al. Comprehensive 
study of the clinical phenotype of germline BAP1 
variant-carrying families worldwide. JNCI: J Natl 
Cancer Inst. 2018;110(12):1328-41.

39. Cheung M, Testa JR. BAP1, a tumor suppressor gene 
driving malignant mesothelioma. Transl Lung Cancer 
Res. 2017;6(3):270.

40. Louie BH, Kurzrock R. BAP1: Not just a BRCA1-
associated protein. Cancer Treat Rev. 2020;90: 
102091.

41. Ismail IH, Davidson R, Gagné JP, Xu ZZ, Poirier GG, 
Hendzel MJ. Germline mutations in BAP1 impair its 
function in DNA double-strand break repair. Cancer 
Res. 2014;74(16):4282-94.

42. Yu H, Pak H, Hammond-Martel I, Ghram M, Rodrigue 
A, Daou Set al. Tumor suppressor and deubiquitinase 
BAP1 promotes DNA double-strand break repair. 
Proc Natl Acad Sci USA. 2014;111(1):285-90.

43. Machida YJ, Machida Y, Vashisht AA, Wohlschlegel 
JA, Dutta A. The deubiquitinating enzyme BAP1 

Pak. J. Chest Med. 2023;29(03)

Challenges and Solutions in Pathological Diagnosis of Malignant Pleural Mesothelioma



395

regulates cell growth via interaction with HCF-1. J 
Biol Chem. 2009;284(49):34179-88.

44. Pan H, Jia R, Zhang L, Xu S, Wu Q, Song X, et al. 
BAP1 regulates cell cycle progression through E2F1 
target genes and mediates transcriptional silencing 
via H2A monoubiquitination in uveal melanoma cells. 
Int J Biochem Cell Biol. 2015;60:176-84.

45. Yu H, Mashtalir N, Daou S, Hammond-Martel I, Ross 
J, Sui G, et al. The ubiquitin carboxyl hydrolase BAP1 
forms a ternary complex with YY1 and HCF-1 and is a 
critical regulator of gene expression. Mol Cell Biol. 
2010;30(21):5071-85.

46. Bononi A, Giorgi C, Patergnani S, Larson D, 
Verbruggen K, Tanji M, et al. BAP1 regulates IP3R3-
mediated Ca2+ flux to mitochondria suppressing cell 
transformation. Nature. 2017;546(7659):549-53.

47. Ohar JA, Cheung M, Talarchek J, Howard SE, 
Howard TD, Hesdorffer M, et al. Germline BAP1 
mutational landscape of asbestos-exposed malig-
nant mesothelioma patients with family history of 
cancer. Cancer Res. 2016;76(2):206-15.

48. Haugh AM, Njauw CN, Bubley JA, Verzì AE, Zhang B, 
Kudalkar E, et al. Genotypic and phenotypic features 
of BAP1 cancer syndrome: a report of 8 new families 
and review of cases in the literature. JAMA Dermatol. 
2017;153(10):999-1006.

49. Baumann F, Flores E, Napolitano A, Kanodia S, Taioli 
E, Pass H, et al. Mesothelioma patients with germline 
BAP1 mutations have 7-fold improved long-term 
survival. Carcinogenesis. 2015;36(1):76-81.

50. Harbour JW, Onken MD, Roberson ED, Duan S, Cao 
L, Worley LA, et al. Frequent mutation of BAP1 in 
metastasizing uveal melanomas. Science. 2010;330 
(6009):1410-3.

51. Cigognetti M, Lonardi S, Fisogni S, Balzarini P, 
Pellegrini V, Tironi A, et al. BAP1 (BRCA1-associated 
protein 1) is a highly specific marker for differentiating 
mesothelioma from reactive mesothelial prolifera-
tions. Mod Pathol. 2015;28(8):1043-57.

52. Salle FG, Le Stang N, Nicholson AG, Pissaloux D, 
Churg A, Klebe S, et al. New insights on diagnostic 
reproducibility of biphasic mesotheliomas: a multi-
institutional evaluation by the international mesothe-
lioma panel from the MESOPATH reference center. J 
Thorac Oncol. 2018;13(8):1189-203.

53. Bachir S, Shah S, Shapiro S, Koehler A, Mahammedi 
A, Samy RN, et al. Neurofibromatosis type 2 (NF2) 
and the implications for vestibular schwannoma and 
meningioma pathogenesis. Int J Mol Sci. 2021;22(2): 
690.

54. Sekido Y, Pass HI, Bader S, Mew DJ, Christman MF, 
Gazdar AF, Minna JD. Neurofibromatosis type 2 

(NF2) gene is somatically mutated in mesothelioma 
but not in lung cancer. Cancer Res. 1995;55(6):1227-
31.

55. Serrano M. The tumor suppressor protein p16INK4a. 
Exp Cell Res. 1997;237(1):7-13.

56. Komata T, Kanzawa T, Takeuchi H, Germano IM, 
Schreiber M, Kondo Y, et al. Antitumour effect of 
cyclin-dependent kinase inhibitors (p16INK4A, 
p18INK4C, p19INK4D, p21WAF1/CIP1 and 
p27KIP1) on malignant glioma cells. Br J Cancer. 
2003;88(8):1277-80.

57. Li J, Poi MJ, Tsai MD. Regulatory mechanisms of 
tumor suppressor P16INK4A and their relevance to 
cancer. Biochemistry. 2011;50(25):5566-82.

58. Marshall K, Jackson S, Jones J, Holme J, Lyons J, 
Barrett E, et al. Homozygous deletion of CDKN2A in 
malignant mesothelioma: Diagnostic utility, patient 
characteristics and survival in a UK mesothelioma 
centre. Lung Cancer. 2020;150:195-200.

59. Okazaki Y, Misawa N, Akatsuka S, Kohyama N, 
Sekido Y, Takahashi T, Toyokuni S. Frequent 
homozygous deletion of Cdkn2a/2b in tremolite-
induced malignant mesothelioma in rats. Cancer Sci. 
2020;111(4):1180-92.

60. Nickell Jr LT, Lichtenberger III JP, Khorashadi L, 
Abbott GF, Carter BW. Multimodality imaging for 
characterization, classification, and staging of 
malignant pleural mesothelioma. Radiographics. 
2014;34(6):1692-706.

61. Giesel FL, Bischoff H, von Tengg-Kobligk H, Weber 
MA, Zechmann CM, Kauczor HU, et al. Dynamic 
contrast-enhanced MRI of malignant pleural mesot-
helioma: a feasibility study of noninvasive assess-
ment, therapeutic follow-up, and possible predictor 
of improved outcome. Chest. 2006;129(6): 1570-6.

62. Xu LL, Yang Y, Wang Z, Wang XJ, Tong ZH, Shi HZ. 
Malignant pleural mesothelioma: diagnostic value of 
medical thoracoscopy and long-term prognostic 
analysis. BMC Pulm Med. 2018;18:1-9.

63. Van Zandwijk N, Clarke C, Henderson D, Musk AW, 
Fong K, Nowak A, et al. Guidelines for the diagnosis 
and treatment of malignant pleural mesothelioma. J 
Thorac Dis. 2013;5(6):E254.

64. Perikleous P, Waller DA. Video-assisted thoraco-
scopic and open chest surgery in diagnosis and 
treatment of malignant pleural diseases. J Vis Surg. 
2017;3.

65. Clive AO, Jones HE, Bhatnagar R, Preston NJ, 
Maskell N. Interventions for the management of 
malignant pleural effusions: a network meta-
analysis. Cochrane Database of Systematic 
Reviews. 2016(5).

Pak. J. Chest Med. 2023;29(03)

Challenges and Solutions in Pathological Diagnosis of Malignant Pleural Mesothelioma



396

66. Hassan M, Mercer RM, Maskell NA, Asciak R, 
McCracken DJ, Bedawi EO, Shaarawy H, El-Ganady 
A, Psallidas I, Miller RF, Rahman NM. Survival in 
patients with malignant pleural effusion undergoing 
talc pleurodesis. Lung Cancer. 2019; 137:14-8.

67. Vogelzang NJ, Rusthoven JJ, Symanowski J, 
Denham C, Kaukel E, Ruffie P, et al. Phase III study of 
pemetrexed in combination with cisplatin versus 
cisplatin alone in patients with malignant pleural 
mesothelioma. J Clin Oncol. 2003;21(14):2636-44.

68. Gao Y, Kruithof-de Julio M, Peng RW, Dorn P. 
Organoids as a Model for Precision Medicine in 
Malignant Pleural Mesothelioma: Where Are We 
Today?. Cancers. 2022;14(15):3758.

69. Zalcman G, Mazieres J, Margery J, Greillier L, 
Audigier-Valette C, Moro-Sibilot D et al. Bevaciz-
umab for newly diagnosed pleural mesothelioma in 
the Mesothelioma Avastin Cisplatin Pemetrexed 
Study (MAPS): a randomised, controlled, open-label, 
phase 3 trial. Lancet. 2016;387(10026):1405-14.

70. Zhou M, Joshi N, Raj KP, Wakelee H, Neal JW. PD-
1/PD-L1 checkpoint inhibitor immunotherapy for 
malignant pleural mesothelioma: case series and 
literature review. Clin Lung Cancer. 2021;22(3): e329-
35.

71. Rintoul RC, Ritchie AJ, Edwards JG, Waller DA, 
Coonar AS, Bennett M, et al. Efficacy and cost of 
video-assisted thoracoscopic partial pleurectomy 
versus talc pleurodesis in patients with malignant 
pleural mesothelioma (MesoVATS): an open-label, 
randomised, controlled trial. Lancet. 2014;384 
(9948): 1118-27.

72. Hylebos M, Van Camp G, Vandeweyer G, Fransen E, 
Beyens M, Cornelissen R, et al. Large-scale copy 

number analysis reveals variations in genes not 
previously associated with malignant pleural mesot-
helioma. Oncotarget. 2017;8(69):113673.

73. Mierzejewski M, Korczynski P, Krenke R, Janssen JP. 
Chemical pleurodesis–a review of mechanisms 
involved in pleural space obliteration. Respir Res. 
2019;20:1-6.

74. Kaya SO, Bir F, Atalay H, Onem G, Aytekin FO, Saçar 
M. Effect of diclofenac on experimental pleurodesis 
induced by tetracycline in rabbits. J Investig Med. 
2005;53(5):267-70.

75. Calon A, Lonardo E, Berenguer-Llergo A, Espinet E, 
Hernando-Momblona X, Iglesias M, et al. Stromal 
gene expression defines poor-prognosis subtypes in 
colorectal cancer. Nat Genet. 2015;47(4):320-9.

76. Huynh LK, Hipolito CJ, Ten Dijke P. A Perspective on 
the Development of TGF-β Inhibitors for Cancer 
Treatment. Biomolecules. 2019;9(11):743.

77. Bintcliffe OJ, Lee GY, Rahman NM, Maskell NA. The 
management of benign non-infective pleural effus-
ions. Eur Respir Rev. 2016;25(141):303-16.

78. Karpathiou G, Péoc'h M, Sundaralingam A, Rahman 
N, Froudarakis ME. Inflammation of the pleural 
cavity: a review on pathogenesis, diagnosis and 
implications in tumor pathophysiology. Cancers. 
2022;14(6):1415.

79. Karpathiou G, Hathroubi S, Patoir A, Tiffet O, 
Casteillo F, Brun C, et al. Non-specific pleuritis: 
pathological patterns in benign pleuritis. Pathology. 
2019;51(4):405-11.

80. Cagle PT, Churg A. Differential diagnosis of benign 
and malignant mesothelial proliferations on pleural 
biopsies. Arch Pathol Lab Med. 2005;129(11):1421-
7.

Pak. J. Chest Med. 2023;29(03)

Challenges and Solutions in Pathological Diagnosis of Malignant Pleural Mesothelioma


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

