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Case report: Mesothelioma and
BAP1 tumor predisposition
syndrome: Implications for
public health
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BRCA-1 associated protein 1 (BAP1) tumour predisposition syndrome (TPDS) is

a hereditary condition characterised by germline mutation of the tumour

suppressor BAP1. This disorder is associated with the development of various

benign and malignant tumours, mainly involving the skin, eyes, kidneys, and

mesothelium. In this article, we report the case of a man recruited through the

Apulia (Southern Italy) Mesothelioma Regional Operational Centre of the

National Register of Mesotheliomas, who suffered from uveal melanoma,

renal cancer, and mesothelioma, and a familial cluster of BAP1 germline

mutations demonstrated by molecular analyses. The family members of the

proband developed multiple malignancies. As tumours arising in this context

have specific peculiarities in terms of clinical behaviour, identification of this

condition through appropriate genetic counselling should be considered for

adequate primary, secondary, and tertiary prevention measures for offspring.

KEYWORDS

mesothelioma, BAP1, BAP1 syndrome, familial cluster, genetic screening, public
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Introduction

Malignant mesotheliomas (MMs) are relatively rare

tumours, with an incidence of less than 5/100,000 per year,

and MMs arise from the inner lining of the serous cavities of the

pleura (93.2%), peritoneum (6.3%), pericardium (0.2%), and

tunica vaginalis of the testicle (0.3%). The mean age at MM

diagnosis was 70 years, with a predominance of men (M/F 2.6)

(1). As the diagnosis is often made at an advanced stage, the

prognosis is very poor, with a median survival of 6-12 months

and 5-year survival rate of <5%. Epithelioid MM is the most

common histological subtype and is associated with better

survival than other subtypes, although it still lasts less than 1

year. The risk of mesothelioma is related to cumulative asbestos

exposure over time, assessed according to the intensity,

frequency, and duration of exposure multiplied by time in

years. The Helsinki criteria (2) adopted a minimum 10-year

latency interval to assign the cause of mesothelioma to asbestos.

Cases with shorter latency have been reported, and there may be

cases with earlier and shorter asbestos exposures that have not

been recognised because of the lack of an accurate assessment of

asbestos exposure. Referring to short latency, mesothelioma is

now diagnosed earlier via cytology, and non-invasive forms have

been identified, such as in situ mesothelioma, which may affect

the possibility of early diagnosis (3).

In recent years, the incidence of mesothelioma cases without

an apparent association with asbestos exposure or with lower

cumulative asbestos exposure has been increasing, and recent

molecular findings suggest a genetic predisposition (4, 5).

Knowledge about the existence of genetic predispositions was

also found in a cluster of mesothelioma cases in some families,

which may be due not only to shared exposure to asbestos, but

also to genetic susceptibility (6, 7).

At least 12 genes (BRCA-1 associated protein 1 (BAP1),

cyclin dependent kinase inhibitor 2A-CDKN2A, Partner And

Localiser Of BRCA2-PALB2, BRCA1, FA Complementation

Group I-FANCI, Ataxia telangiectasia mutated-ATM, SLX4,

BRCA2, FA Complementation Group C-FANCC, FA

Complementation Group F-FANCF, PMS1, and Xeroderma

pigmentosum, complementation group C-XPC) have been

identified as involved in predisposition to MM, most of which

play a role in DNA repair mechanisms. Patients carrying

mutations in these genes have been shown to have an

increased susceptibility to asbestos carcinogenic effects (4).

With special reference to BAP1, a broad spectrum of

tumours has been associated with germline and somatic

mutations in its loci, but the biological and clinical significance

of these mutations is still unclear. Hereditary BAP1 tumour

predisposition syndrome (TPSD) was associated with the

development of a variety of benign and malignant tumours,

particularly uveal melanoma, malignant mesothelioma,

cutaneous melanomas, basal cell carcinomas and renal

carcinoma (8).
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In this article, we report a familial cluster of BAP1-TPDS,

identified through a comprehensive molecular approach

extended to all relatives. BAP1 syndrome and its implications

for public health challenges are discussed.
Case description

In December 2020, an 83-year-old man, who was a

nonsmoker, was admitted to our hospital with worsening

pharyngodynia. Chest radiography revealed massive right

pleural effusion that was treated with pleural drainage and

pleural talcing. In 1992, the patient was surgically treated for

uveal melanoma of the right eye (Figure 1), which recurred in

2012. Diffuse polyposis of the colon was discovered during

coloscopy in 2019. Moreover, in the same year, he underwent

nephrectomy for right clear cell renal cancer (Figure 1). Samples

from all previous tumours were available for histological analysis.

A pleurectomy was performed as per the operating

procedure in February 2021. Histological examination showed

proliferation of epithelioid malignant cells with solid and

trabecular patterns (70%), together with spindle cells arranged

in bundles (30%). According to recent guidelines (9, 10), an

examination using a panel of antibodies was performed.

Neoplastic cells were positive for cytokeratin AE1/AE3 ((Dako,

Glostrup, Denmark), calretinin (Zymed, S. Francisco, CA, USA),

HBME1 (Dako), and WT1 (Novocastra) and negative for PAX8

(Invitrogen), S100 (Dako), TTF1 (Dako), and BAP1 (Santa Cruz

Biotechnology Inc., clone C4). FISH analysis was performed as

previously described (11) and revealed the presence of a deletion

in the 9p21 locus of the CDKN2A gene in > 20% of neoplastic

cells (Figure 2). A definitive diagnosis of biphasic mesothelioma

was made. The patient died a few days after hospitalisation due

to SARS-CoV-2 infection. The case was registered in the

mesothelioma register, and the patients’ sons were interviewed

using a semi-structured questionnaire according to the

guidelines of the National Mesothelioma Registry (12) to build

a comprehensive anamnesis to identify any potential work or

environmental exposure, residential history, nonwork habits

(free time or at-risk activities), and any exposure in the family

environment (work activities of parents, siblings, and spouse).

The patient had both environmental asbestos exposure

(military service carried out approximately 60 years earlier in

Casale Monferrato, a town well known for environmental

pollution by asbestos due to the presence of Eternit, a

company for the production of asbestos cement) and

professional exposure to asbestos (as an electrical maintenance

technician in a steel mill for 22 years).

Residential and non-working history was negative for

exposure to asbestos, and the use of talcum powder for

hygienic purposes was positive in the anamnesis.

Moreover, a 36-year-old former smoker, one of the sons, was

affected by moderately differentiated colorectal adenocarcinoma
frontiersin.org

https://doi.org/10.3389/fonc.2022.966063
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Vimercati et al. 10.3389/fonc.2022.966063
(stage T4N1bM0) treated with hemicolectomy and 12 cycles of

chemotherapy. Colorectal cancer recurred in 2021 with lung

metastases (Figure 3). In his son’s work and residential history,

exposure to asbestos and other carcinogens was negative.

Interestingly, reconstruction of the entire family history

showed a high incidence of oncological pathologies among all

relatives. Specifically, the patient’s father, sister, and brother died

of liver cancer, and two other siblings died of laryngeal and lung

cancer (Figure 3).

When BAP1-TPDS was suspected, germline mutations of

BAP1 were identified in the peripheral blood samples of the

patient and his sons after obtaining written informed consent.
Genetic analyses

Genomic DNA was extracted using standard protocols. The

resulting DNA sample was then used to construct DNA libraries

using Illumina DNA Prep with Enrichment and TruSight One

Sequencing Panels (Illumina®, San Diego, CA, USA), which

provides comprehensive coverage of > 4800 disease-associated
Frontiers in Oncology 03
genes to verify the presence of other tumour susceptibility genes.

Sequencing was performed on an Illumina® MiSeq desktop

sequencer (MiSeq Reagent Kit v3, Illumina®, San Diego, CA,

USA), and data were analysed using Illumina® Variant

Interpreter Software (v2.14.0.4). The test did not detect

duplications or deletions of one or more exons or the entire

gene and a low percentage of mosaicisms and epimutations. The

analysis revealed a heterozygous missense mutation in exon 7 of

BAP1, c.535C>T (Chr3:52441235 on Assembly GRCh37,

p.Arg179Trp). The variant was validated using Sanger

sequencing (Figure 4). This BAP1 variant was reported in the

ClinVar database as a variant of uncertain significance (VOUS),

and in silico prediction classified the variant as being of

uncertain significance based on the following ACMG criteria:

likely pathogenic based on computational prediction tools (PP3

supporting criteria), and variant not found in the GnomAD

Exomes database (PM2 supporting criteria). Unfortunately our

analysis did not detect any other VUS or germline mutations in

any member of the family group we analysed. However this

BAP1 variant was located in the functional peptidase domain of

the protein (Pfam protein family database prediction).
FIGURE 1

Histological review of the uveal melanoma (A, haematoxylin and eosin staining, 100x original magnification) and renal carcinoma (C, haematoxylin
and eosin staining, 100x original magnification). In both tumours, BAP1 was negative by immunohistochemistry (B, D, immunohistochemistry, 200X).
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Considering the intrinsic characteristics of the method (regions

rich in GC and homopolyneric sequences), some mutations

could have escaped mutational analysis.
Discussion

In this case series, we report a familial cluster of BAP1-TPDS

in family members who developed multiple malignancies with

BAP1 germline mutations, as demonstrated by molecular

analyses. To the best of our knowledge, this is the ninth

description of this syndrome in Italy in the literature (13). The

multidisciplinary approach to the patient and the accuracy of the

reconstruction of the whole patient and family history allowed

us to further investigate an apparently usual MM. BAP1 loss was

demonstrated in all tumours by immunohistochemistry (IHC)

and germline mutations were detected by molecular tests.
1 BAP1 mutation and mesothelioma

BRCA1-associated protein 1 (BAP1), encoded by the gene

(MIM # 603089) in OMIM (Online Mendelian Inheritance in

Man (OMIM), has a tumour suppressor function and is a 729
Frontiers in Oncology 04
amino acid carboxy-terminal ubiquitin hydrolase that plays a

role in cell cycle progression, DNA damage response (DDR),

histone modification, apoptosis, DNA replication, and DNA

repair. BAP1 is found in 3p21.3, a region of chromosome 3 in

which deletions commonly occur, and is located on the short

arm (p) of chromosome 3 at position 21.1 (14, 15). Han et al.

(16) summarised and divided the metabolic roles of BAP1 into

four main categories: i) nutrient homeostasis, ii) glycolytic

alterations, iii) calcium dysregulation, and iv) metabolic stress

management (16).

BAP1 functions as a true tumour suppressor gene with

biallelically inactivating mutations or deletions (17, 18). To

lose BAP1 tumour suppressor function in a cell, the normal

wild-type allele must acquire a somatic mutation (17, 18).

Heterozygous germline variants in this gene may favour

carcinogenesis; therefore, people with BAP1 mutations carry a

high risk for cancer, especially cancers that are caused by

environmental carcinogens. Thus, gene–environment

interactions are suspected to play an important role in cancer

susceptibility of BAP1 mutation carriers (7, 14).

Several alterations in BAP1 have been described, including

deletions of the coding sequence, base substitutions leading to

nonsense and missense mutations, focal deletions, frameshift

mutations, deletions, and large chromosomal insertions or splice
FIGURE 2

Histological examination of the pleural samples, showing a neoplastic proliferation composed of both epithelioid and spindle cells (A,
haematoxylin and eosin staining, 100x) that was immunoreactive for calretinin (B, immunohistochemistry, 200x) and negative for BAP1 (C,
immunohistochemistry, 100x), with CDKN2A/p16 deletion visualized via FISH analysis (D).
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site mutations. These somatic variants are of different types and

include protein-truncating variants (PTVs), large deletions, or

chromosomal loss. BAP1 Somatic inactivation is a common

event in “sporadic” tumours (14, 17). BAP1 deficiency leads to

accumulation of DNA damage, which increases the chance of

neoplastic proliferation in patients with both sporadic and

inherited deficiencies of BAP1. BAP1 mutations favour the

development of different tumour phenotypes and have been

identified in a wide range of solid tumour types, including

malignant mesothelioma (MM) (16, 17).

Regarding mesothelioma, Hammady (18) reported a possible

genetic susceptibility factor for MM in the Cappadocian region of

Turkey, in which some families were particularly susceptible to

developing mesothelioma due to the presence of germline BAP1

mutations transmitted according toMendelian law. Both germline

and sporadic BAP1 mutations have been shown to play a role in

MM, and these patients have a family history of MM with limited
Frontiers in Oncology 05
asbestos exposure (19). BAP1 loss occurs in both sporadic and

familial MM, either pleural or peritoneal, independent of ethnic

background, sex, age, or other clinical characteristics. MMpatients

with germline BAP1 mutations have an overall 7-fold increased

long-term survival; moreover, they have been associated with a

younger age at MM onset (20). The association between BAP1

germline mutations and asbestos exposure in MM remains

unknown. BAP1 germline mutations in MM are related to a

favourable prognosis (16) and higher sensitivity to chemotherapy,

but are also a negative predictor of response to chemotherapy and

could possibly be used as a companion biomarker for treatment

decision-making. Moreover, BAP1 germline mutations could be

used as predictive biomarkers of immunotherapy response (21),

that is, to predict elevated responsiveness to immunotherapy for

future precision cancer medicine (5, 22), and in screening to

identify subjects and their family members at risk of developing

cancer (23).
FIGURE 3

Familial history of neoplasia in the patient’s relatives (A). The histological review of the son’s colorectal carcinoma sample showed adenocarcinoma
(B, haematoxylin and eosin staining, 100x original magnification) that was negative for BAP1 expression (C, immunohistochemistry, 100x original
magnification).
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The expression of BAP1 visualised by IHC represents a

biomarker with excellent clinical utility for the diagnosis of

malignant mesothelioma and is indicative of prognosis. BAP1

loss has shown 100% specificity for distinguishing mesothelial

proliferation, for example, benign (with positive nuclear

staining) from malignant (with negative nuclear staining)

mesothelial cells (21). BAP1 IHC is an inexpensive and quick

way to screen tumours with BAP1 mutations since paraffin-

embedded tumour tissue is readily available. Loss of nuclear

BAP1 staining by immunohistochemistry is thought to be an

accessible and reliable test for BAP1 mutations. Tumours that

present with loss of nuclear BAP1 expression may then undergo

subsequent confirmatory sequencing. Bap1 IHC negativity has

been previously described in epithelioid malignant pleural

mesothelioma (MPM) (70%) and biphasic (60%) types but has

also been observed in sarcomatoid and desmoplastic

mesothelioma, albeit less frequently (15%), so it may serve as a

predictive biomarker (14).

Recently, whole-exome sequencing confirmed that

mesothelioma in situ development is associated with BAP1

somatic mutations/deletions, suggesting that BAP1 mutations/

deletions represent a very early event in the development of

malignant mesothelioma (3). Recently, new diagnostic tools,

such as radiogenomics, have helped identify the potential

correlation between imaging findings and tumour genotype.

CT-based 3D radiomics signatures have potential as

noninvasive markers for the prediction of BAP1 mutation

status in patients with mesothelioma MPM as well as for
Frontiers in Oncology 06
differential diagnosis and prediction of response to therapy

and prognosis (24).

Because BAP1 regulates DNA repair in patients with damage

caused by asbestos, ultraviolet light, radiation, or chemotherapy,

carriers of this mutation are less able to repair DNA damage

induced by carcinogens, leading to the accumulation of mutations

associated with carcinogenesis (14, 23, 25). Germline mutations in

BAP1 increase susceptibility to low amounts of asbestos and could

increase the risk of developing mesothelioma among carriers of this

mutation, with an exposure dose considered harmless for the

general population. Recently, some studies on the tumour

immune microenvironment and genetic alterations in

mesothelioma have speculated that excessive phagocytosis of

asbestos fibres by macrophages provides “a mutagenic

microenvironment” around mesothelial cells and induces BAP1

mutation, which is related to the suppression of mesothelial cell

death and the accumulation of additional mutations involved in

mesothelioma carcinogenesis, all of which are characterised as a

highly inflammatory TME (tumour microenvironment) that may

be important for immunotherapeutic approaches (26). Recently,

Panou (4) reported several single nucleotide polymorphisms (SNPs)

and the presence of a missense variant in exon 11 of BAP1 in

exposed patients, which may promote MM tumourigenesis as a

result of asbestos–gene interaction and prolonged survival. Indeed,

the gene–environment (gene-asbestos) interaction (GXE) is

suspected to play an important role in cancer susceptibility for

BAP1 mutation carriers, which could be used for cancer prevention

in high-risk individuals as well as for targeted therapies (27).
FIGURE 4

Sanger sequencing electropherogram and IGV alignment of the BAP1 variant c.535C>T.
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Combined genetic and environmental analyses may be useful for

studying the accumulation of spontaneous somatic mutations due

to exposure to carcinogenic substances such as asbestos, and the

presence of inherited mutations (germline) occurring in genes that

are critical for DNA repair and/or homologous recombination

(HR) may have a synergistic effect (28). The discovery of a

susceptibility gene may be a useful tool for defining high-risk

versus low-risk groups for screening asbestos-exposed individuals

with novel noninvasive biomarkers.

BAP1 may also be a possible therapeutic target for precision

medicine and prognostic biomarkers, being frequently altered in

MM (29) together with other targets reported thus far (30, 31).

The 15th conference of the International Mesothelioma Interest

Group (iMig), held in May 2021, demonstrated the usefulness of

pleural effusions for the early diagnosis of MM. Cytological

analysis of gene expression profiles in samples discriminated

reactive hyperplasia from epithelioid mesothelioma, and

prognostic biomarkers, such as alterations in BAP1 (IHC) and

CDKN2A (FISH), were detectable almost two years prior to

diagnosis (32).
2 BAP1-TPDS and familial clusters

BAP1 tumour predisposition syndrome (BAP1-TPDS) is

inherited in an autosomal-dominant manner, with individuals

carrying a heterozygous BAP1 mutation being at high risk for

various tumours (MIM #614327 in Online Mendelian Inheritance

in Man (OMIM)), and was first described in the early 2000s (18).

BAP1 cancer syndrome includes mesothelioma (33), uveal

melanoma (34), cutaneous melanoma, and possibly other

malignant tumours. BAP1-TPDS is associated with an increased

risk of a specific skin lesion, BAP1-inactivated melanocytic

tumour (BIMT) (34), cutaneous melanoma (CM) (34), renal cell

carcinoma (RCC) (35), and basal cell carcinoma (BCC) (36). The

occurrence of hepatocellular carcinoma, cholangiocarcinoma (37),

and meningioma (8) has also been described. The associations

between BAP1-TPDS and breast cancer, neuroendocrine

carcinoma, non-small cell lung adenocarcinoma (8), colorectal

cancer (38), thyroid cancer (39), urinary bladder cancer, thymic

epithelial tumours (40), paraganglioma (41), meningioma (42),

oesophageal cancer, cholangiocarcinoma (43), and endometrial

carcinoma (44) are currently under evaluation. Affected

individuals can have more than one type of primary cancer. A

common trait is that the median age of the onset of these tumours

is younger in patients with BAP1-TPDS than in the

general population.

MM is the second most common cancer in patients with

BAP1-TPDS, accounting for 17% of non-probands and 25% of

probands with BAP1 null variants (13). Even when the family

history is not suggestive of BAP1-TPDS, genetic testing for

BAP1 variants could be considered if the patient has ≥2 BAP1-

TPDS core tumours (33). If a parent of the proband carried the
Frontiers in Oncology 07
BAP1 pathogenic variant identified in the proband, the risk for

siblings inheriting the variant was 50%. However, penetrance

appears to be incomplete and the types of BAP1-related

cancers can vary among different members of the same

family (25, 45). Moreover, patients with mesothelioma had

improved survival with respect to patients with sporadic

mesothelioma, independent of patient age at presentation

(46). Similar to mesotheliomas caused by environmental

exposure, those linked to inherited germline mutations occur

with an M:F ratio close to 1:1, are morphologically almost

exclusively of the epithelioid type, and are well differentiated.

Familial BAP1-related MM frequently affects women (19).

Familial BAP1-related MMs can be multiple, often occur in

association with other synchronous or metachronous

neoplasms, and are more commonly located in the

peritoneum than sporadic MMs (20).

Many studies have evaluated blood-related cases of

mesothelioma involving several members of the same family

(6, 7). Walpole (13) reported 181 different families worldwide

carrying BAP1 mutations; however, this syndrome remains

under-recognized and under-reported (20, 47).

Early detection screening for germline BAP1 mutations is

necessary to identify individuals and their family members who

carry BAP1 germline mutations and are at high risk of

developing associated cancers (7, 16, 22, 23); Thus, genetic

counselling and clinical management are important for

carriers of germline BAP1 mutations and to reduce exposure

to even minimal sources of carcinogens. Carriers should be

advised to limit their exposure to potential carcinogens, such as

sunlight, avoid asbestos, and avoid arc welding and tobacco

exposure. Moreover, these individuals should limit their

exposure to diagnostic and therapeutic ionising radiation and

implement preventative measures to limit environmental

carcinogenic exposure. Early detection of this mutation has

been shown to increase the overall survival in these

predisposed individuals due to close screening and monitoring,

as well as more therapeutic options for early stages of cancer and

in view of the future availability of promising targeted therapies

for BAP1-mutated tumours (6, 15).

The diagnosis of bap1 syndrome is based on the genetic

examination indicating that at least two BAP1 TPDS-associated

tumours were present in the patient’s clinical history, if at least

one primary bap1 TPDS tumour is reported in the clinical

history of first- and second-generation relatives, and if the age

of onset reported is young (46). If a patient (or a family member)

is clinically suspected of having a BAP1 germline mutation on

the basis of their clinical phenotype (and/or familial pedigree),

following appropriate genetic counselling, it is recommended to

test BAP1 with IHC, which is routinely available, and for blood-

related family members to undergo direct (Sanger) sequencing

using blood-derived DNA. Sanger sequencing should also be

performed for patients with uncertain IHC results. It is

important to collect detailed medical histories of the patients’
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blood-related family members, including their occupational and

oncological histories.

To date, many studies have shared prevention protocols for

this syndrome (25, 45, 46, 48). A multidisciplinary approach was

suggested, recommending active surveillance programs, with

annual screening that should preferably be performed in one

day, where patients are screened for BAP1-TPDS-associated

malignancies by the internist, oncologist, pulmonologist,

ophthalmologist, dermatologist, or radiologist, starting from 11

to 16 years of age for uveal melanoma or from 30 years of age for

other pathologies with a six-month, annual, or biennial

frequency. Among the most recent revisions, Pilarski (25).

updated the surveillance protocols and emphasised the

importance of both pertinent follow-up in compliance with

the principles of a good screening test (25) and psychological

support to reduce the risk of screening burnout and loss to

follow-up, as participants in a BAP1 screening program may

experience negative impacts such as early discovery of tumours

without adequate treatment options (25, 49). There is a general

consensus on the need for genetic counselling to provide

individuals and families with information on the nature and

mode of inheritance, and the implications of genetic disorders to

help them make informed medical and personal decisions for

both relatives and siblings, including the offspring of a patient

who is positive for a Bap1 germline mutation. Once a germline

BAP1 pathogenic variant has been identified in an affected

family member, prenatal genetic testing for BAP1-TPDS is

possible (25). Genetic surveillance of patients with BAP1-

TPDS opens up problems with legal and insurance

implications for the healthcare system. Testing in younger and

older individuals may lead to implications with respect to the

ethical principles of autonomy, justice, beneficence, and non-

maleficence, and represents a new challenge in public health and

preventive medicine. An ethical problem of possible

discrimination and effective prevention at the same time may

be related to genetic testing for BAP1 mutations in exposed

worker cohorts, which will help identify genetically susceptible

individuals for appropriate prevention measures, considering

that carriers of a germline BAP1 pathogenic variant tend to

develop BAP1-TPDS-associated malignancies at a younger age

(7). From the same preventive perspective, patients who present

with clinical indicators denoting heritability (a familial history of

mesothelioma or other cancers at a young age [ ≤ 50 years])

should undergo genetic testing by targeted next-generation

sequencing (NGS) using a gene panel covering all DNA repair

and tumour suppressor genes to test for cancer inheritability.

Regarding the public health problems posed by this syndrome,

in a health economic study, Wallpole (48). proved that active

surveillance in genomic medicine applications, as germline

testing is becoming more common and less expensive, could

improve survival and be cost-effective for the healthcare system.

Using mathematical modelling and computer simulations, the

authors found that surveillance decreased BAP1 cancer-related
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death mortality from 50% to 35%, increased life expectancy by

4.9 years and avoided high healthcare costs associated with

advanced cancers (48).
Conclusions

Tumours arising in the context of BAP1-TPDS have specific

peculiarities in terms of clinical behaviour, and it is not

surprising that the identification of family clusters is not

always easy. The family history of some individuals diagnosed

with BAP1-TPDS may appear negative due to the non-

recognition of the disorder in other family members, reduced

penetrance, premature death of the parent before the onset of

symptoms, or late onset of the disease in the affected person.

In the cluster described here a strong point is that we were

able to reconstruct the paternal branch oncological family

history, in agreement with previous studies that reported how

most people diagnosed with BAP1-TPDS have an affected parent

(6, 7). However a limitation is that in the case of the siblings and

father of our patient, genetic investigations were never carried

out; therefore, the possibility of gene mutations remains

unknown. Given the concomitance of pathologies that are part

of BAP1-TPDS, strong family oncological positivity, and the

presence of an investigated and ascertained mutation in our

patient and his son, it is assumed that the other members of our

patient’s family could also be carriers of this susceptibility. It

should be noted that immunohistochemical examination of our

patient’s tumour revealed negativity for BAP-1, but showed

strong positivity for CDK2A. Furthermore, an affected parent

may have BAP1-related tumours that differ from those of the

proband. In the cases described here, the tumours of the father

were in fact different from those of the affected son.

Other strong points are the accurate occupational history

obtained by the occupational doctor, supported by genetic

investigations and anatomopathological data, allowed us to

identify two subjects at risk of contracting uveal melanoma,

skin tumours, kidney tumours, malignant mesothelioma, or

other related tumours due to the BAP1 mutation.

It was thus possible to start these patients on a path of health

surveillance, based on the most recent indications of the

scientific community, to perform effective prevention and

counselling and possibly to make an early disease diagnosis,

subject them to any innovative therapeutic treatments to

improve their quality of life and extend their survival.

The identification of genetic mutations in family members

affected by MM, and as in our case, by other pathologies

included in BPA1-TPDS, must alert doctors to implement

genetic counselling, screening measures, and therapeutic

measures for oncological pathologies (47). The importance of

detecting families affected by this type of mutation must be

evaluated with a view to primary prevention, since it is necessary

to protect these families from exposure to various carcinogens,
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both environmental and occupational, to prevent the

development of malignant diseases.

Here, we report the case of an individual in whom three

distinct malignant tumours were diagnosed approximately 10

years apart. The detection of BAP1 loss by IHC has been

recognised as highly specific for MM, although the sensitivity

of BAP1 loss detection is relatively low, approximately 50% for

epithelioid histology, and even lower for sarcomatoid histology

(50). Our patient was predominantly affected by sarcomatoid

biphasic MM of the pleura, which could explain the negativity of

IHC for BAP1. Missense mutations in the active site of the

ubiquitin hydrolase domain (Arg179Tp) were identified in the

patient’s son. Similar missense mutations have been described in

the literature for uveal melanomas (p.Ser172Arg) and biphasic

pleural mesotheliomas (p.Tyr173Ser), both of which our patient

had (6, 17).

This multidisciplinary approach included the patient’s sons

in specific clinical and instrumental surveillance protocols as per

the guidelines in the literature (25).

Regarding the intestinal adenocarcinoma of our patient’s

son, BAP1 downregulation was associated with decreased CRC

survival (38). The literature shows that some families carrying

missense variants can exhibit BAP1-TPDS-associated tumours,

regardless of the uncertainty surrounding the functional impact

of germline missense substitutions in BAP1, to date classified as

variants of unknown significance (VUS). Consideration of the

tumour spectrum within a family of missense VUS carriers can

help to evaluate variant classification and pathogenicity (13, 51).

Challenges in the genetic surveillance of Bap1 mutation

carriers, that is, precision prevention, are related to limited

data on cancer risks for unaffected carriers and a lack of

evidence-based surveillance benefits. Other critical points in

screening are the cost of public health, multidisciplinary

surveillance, insurance implications, the risk of genetic

discrimination, and the need for psychological support for

these subjects (45).

As part of a novel multidisciplinary approach, physicians,

including occupational doctors involved in the epidemiological

and health surveillance of subjects exposed to asbestos, and all

other specialists involved in diagnostics should be aware of the

histological features of TPDS tumours, and once detected in

affected individuals, the identification of families carrying

germline BAP1 mutations is mandatory to start appropriate

surveillance programmes and guarantee the best clinical

management for these patients (20). Three steps can be

envisaged: (1) clinical assessment and genetic counselling, (2)

pathological and molecular diagnosis, and (3) risk assessment,

early prevention, and therapies that can impact outcomes and

survival (23).

In conclusion, epidemiological surveillance carried out

through a mesothelioma registry may be a useful tool to

promote a multidisciplinary approach involving occupational

doctors, pathologists, radiologists, surgeons, oncologists, and
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geneticists in the monitoring of patients with an undiagnosed

mutation. The consequences of epidemiological surveillance in

terms of public health allow primary, secondary, and tertiary

prevention for family carriers of the same mutation, with a

possible reduction in both human life and economic costs for

the community.
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