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Multidisciplinary group of geneticists, scientific consultants, and counsel
offering consulting and expert services in genomics
& systems biology regarding toxins
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Next ToxicoGenomica Webinar o Thursday Nov. 20

A The nexfToxicoGenomicavebinar with Perrin Conferences is set for Thursday, Nov. 20
d 2-3:40 eastern

ATi t | e: fLooking Ahead to 2026: Accelerating ¢
A Free registration is at the link:

d https://www.perrinconferences.com/webinars/112025/
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Examples of Uses of Genetic Evidence In Trials,

Dispositive Motions and MDLs




Genetic Evidence Is In Fact Admitted into Evidence,

Contrary to Arguments by Some

A Some lawyers for some plaintiffs have asserted that courts do not admit genetic evidence
d that assertion is false

A Genetic and genomic evidence and argument has been admitted in numerous asbestos and benzene cases
and trials, as well as birth defect cases, medical malpractice cases, chemical exposure cases and MDLs
iInvolving various drugs

APl aintiffdés counsel someti mes have offered genetic
d for example, Kazan firm presented genetic evidence in Ortwein trial;see this summary article

o for example, Mark Lanieroffered genetic evidence in the Ingham trial ($4+ billion verdict)
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https://www.law360.com/articles/893614/jurors-in-toxic-tort-litigation-take-genetics-seriously
https://persuadius.com/blog/some-lessons-for-defendants-from-the-talc-liability-trials

Courts Have Granted Summary Judgment

Based on Genetic Evidence

A State and federal courts have granted summary judgment motions based on genetic evidence

A The earliest example is thethe seminal 2006 case in which the defense used genetic testing to establish that
terrible malformations of children were caused by a genetic mutation that causes CHARGE syndrome rather
than exposure to a fungicide, Bowen v. E.I. DuPont de Nemours & Cp906 A.2d 787 (2006).

A A recent example is a medical malpractice caseQrtega v. United States 2021 U.S. Dist. LEXIS 188969, 2021
WL 4477896. There, the Court stated:

doBecause all evidence in the record indicates t he
congenital [genetic] condition rather than by negligence on the part of the healthcare providers, both
motions [for summary judgment] are granted. o
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Toxico

MLDs Involving Genetic Evidence

In re Zostavax (Zoster Vaccine Live)
Prods.Liab. Litig., 2024 U.S. App. LEXIS
17369, 2024 WL 3423709

Dismissal of over 1,700 claims when
plaintiffs failed to present a specific form
of genetic testing results to establish
whether a virus was caused by ordinary
chicken pox or a vaccine

In re Acetaminophedd ASD-ADHD
ProdsLiab. Litig., 2024 U.S. Dist. LEXIS
121259, 2024 WL 3357608

Pl aintiffds expert
due to failure to meaningfully address
genetic factors as a cause of ADHD rat
than use of acetaminophen; extended
discussion of genetic variables

In re Cpap 2023 U.S. Dist. LEXIS 19356

Evaluating adequacy of allegations of

genetic harm
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MDLs that Inevitably Will Involve Genomic Evidence

IN RE: DEPOPROVERA (DEPOT
MEDROXYPROGESTERONE ACETATE) PRODUCTS
LIABILITY LITIGATION

MDL involves claims that use of certain amounts of D&povera
cause brain tumors known as meningiomas. Plaintiff oriented v
site page acknowledges genet
factors for meningioma stem from both genetic and environme
origins. The primary genetic risk is neurofibromatosis type 2
(NF2), significantly raising the chances of developing multiple
meningiomas. Other genetic conditions associated with an
increased risk include Gorlin syndrome, multiple endocrine
neoplasia type 1 (MEN1), Turcot syndrome, Lynch syndrome, |
Fraumeni syndrome, Cowden syndrome, and Von Hippelau
di s e as ewww.lawstitinforgnatibrfcenter.confdepc
proveralawsuit.html

In re: Hair Relaxer Marketing Sales Practices and Products
Liability Litigation, case number 1:28v-00818 (N.D. IL)

Claims that breast and ovarian cancers (among others) are ca
by hair relaxers marketed mainly to women of color, but those
cancers also are caused by pathogenic mutations in genes kn(
BRCAland2, among others.
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0Geneti ¢ Defensesod ar e




A Some stakeholdeiscorrectyar gue as i f al | Nngenetic causation defenseso

AGenerally speaking, Agenetic causation defenseso fvagl | I nt
reproducible supporting evidence:

d inherited (germline) mutations

d sequencing of germline tissue (usually blood) and other actions can provide abundant objective, reproducible evidenc
an inherited mutation and pathogenicity

d somatic mutations that are present in a tumor and occurred during life
d sequencing of tumor typically does not show when or why mutation occurred

d more specifics about the when and how of somatic mutations may ariddigears with improvements in tools and
technologies
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Defense Based on Inherited (Germline) Mutations

A A genetic defense best based on the results of germline genetic sequencing results specific to the plair

d key aspect of this defense is based on analysis of data/results of germline sequencing

d well accepted germline inferences can be drawn from tumor sequencing and variant allelic frequency (VAF) %s betwe
30-70%

A To the best of my knowledge, no one has tried a germline genetic defense to verdict

A It is certain that no one has tried to verdict a case in which Dr. Len van Zyl has been called to testify
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Defense Based on Somatic Mutations 0o Repl 1 cat i

Aln contrast, the other fAbucketo of genetic def

AA fAreplication erroro defense typically is ba:

d pathogenic somatic mutations can and do occur when cells divide themselves (mitosis) in order to
produce new cells (replication), and

d some replication error mutations that were not repaired may cause a cancer

d to oversimplify, some key aspects of this defense are based ondha 0ol ed Abad | uck
Vogelstein, Tomasetti and others

ATo the best of my knowledge, all figenetic cau:
have been Areplication erroro defenses, somet |
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Much More Objective, Reproducible Evidence In

Plaintiff Specific Germline Mutation Cases

A Objective reproducible plaintiff specific evidence can be presented regarding germline mutations:
A personal and familial cancer histories, including age of onset and other data pertinent to the cance

A personal and familial medical histories showing the presence efararer conditions and diseases
caused by mutations in genes that also cause cancers

A results of germline sequencing that indisputably establish the presence of one or more pathogenic
germline mutations in one or more genes
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More Subsets of Objective Reproducible Evidence in Plaintiff

Specific Germline Genetic Defenses

A More subsets of objective, reproducible evidence with a pathogenic germline mutation defense:

A results of reproducible, software driven CADD score analyses which provide a metric that ranks the pathogen
of mutations I n Acancer geneso

A EXAC scores showing relative rarity of mutation

A results of recent in silico and in vitro studies that use saturation gene editing tools to assess whether a partict
mutation in a particular gene is in fact pathogenic (e.g. Waters 2024 study of about 99% of the possible mutat
of BAP))

A results of somatic sequencing (tumor sequencing) with VAF%s (usualiQ%) that establish the likely presence
of one or more germline mutations i n Acancer gen:
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Data Can Be Key

AExperts and lawyers often need to focus on data published as part of
studies rather than looking only for sound bites

AResearchers often do not include statements explaining conclusions
that are obvious from data they publish in article

AData in online O6suppl ement al mat e
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Data Not Gathered Iin the Past

A Plaintiff lawyers can point out that past medical histories did not include questions about talc use

A Defense lawyers can point out that past medical treatment did not seeking information on pathogenic
germline mutations

A And, even after genetic data was obtained, it was often highly limited (e.g. exome panel sequencing) r
than whole genome sequencing

A In the past, and even today, many doctors and researchers did not use CADD scores or other in silico
to evaluate the pathogenicity of the germline mutations in mesothelioma families

dsometi mes used Nasbestos must have done 11t0
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Some Key Data for Defense

A Zero peer reviewed articles state that genetic abnormalities cannot cause mesotheliomas

A Helsinki 1997 conference:
d 1) preceded completion of Human Genome Project,
d 2) included zero geneticists,

d 3) preceded 2011 publication of article by Drs. Testa and Carbone regarding association between |
mutations and mesothelioma,

d 4) preceded other 2011 articles showing association between other cancers and BAP1 mutations,
d 5) preceded widespread WGS, which has produced key data and findings

LSP Group LLC

Toxico iy, H/_n
" LAW | SCIENCE | POLICY




oMut ati onso ar e

Get the Data




Each Gene Can Have Many Different Mutations;

They Are Not Fungible

NLS

HBM ‘_H
Wild Type (Normal) BAP1 Protein - . . ' e
Structure (729 amino acids)
CTD
BARD1 BRCA1
FoxK1/K2 YY1

ASXL1/2

The germline BAPL p.Arg385Ter null mutation UCH HBM
truncates (terminates) the BAPL protein at N- ‘XXXXXXXXXXX_C
amino acid 385, resulting in a BAPL (1-385)

mutant protein that lacks more than half (53%)
of its coding region. The BAPL protein encoded

by this mutant gene is incapable of carrying out
normal BAPL functions.

BARD1

https://www.ncbi.nlm.nih.gov/clinvar/variation/485271/ I
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https://www.ncbi.nlm.nih.gov/clinvar/variation/485271/

Has/Can Opposing Study or Expert Evaluated Mutation?

Location of mutation impacts impairment/function

Ask: was that done in a prior meso study? Can opposing expert do it?

HBM
Wild Type (Normal) BAP1 Protein _ -
Structure (729 amino acids)

BARD1

FoxK1/K2 YY1

ASXL1/2

The germline BAPL p.Arg385Ter null mutation UCH HBN

truncates (terminates) the BAPL protein at N- ‘XXXXXXXXXXX_C
amino acid 385, resulting in a BAPL (1-385)

mutant protein that lacks more than half (53%)

of its coding region. The BAPL protein encoded BARDI

by this mutant gene is incapable of carrying out
normal BAPL functions. ASKL17Z

https://www.ncbi.nlm.nih.gov/clinvar/variation/485271/ I
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Genetics and California Evidence Code Section 801.1

ACalifornia plaintiffés bar obtained Section 801.1 after Z

A Consider possible application to genetics using subpart (b)
0 801.1. Expert opinions regarding medical causation.

0 (a) In a general civil case, as defined in Rule 1.6 of the California Rules of Court, where the party bearing the bnarafen of p
proffers expert testimony regarding medical causatid on
opine that causation exists to a reasonable medical probability, thenptisgaring the burden of proof may offer a contrary
expert only if its expert is able to opine that the proffered alternative cause or causes each exists to a reasonable medical
probability, except as provided in subdivision (b).

0 (b) Subdivision (a) does not preclude a witness testifying as an expert from testifying that a matter cannot meet a reasonah
degree of probability in the applicable field, and providing the basis for that opinion.

A For example, plaintiff experts tend to treat mutations as fungible, but they are not
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Objective, Reproducible Metrics and California Evidence Code

Section 801.1

d (b) Subdivision (a) does not preclude a witness testifying as an expert from testifying that a matter cannot me
reasonable degree of probability in the applicable field, and providing the basis for that opinion.

A Defense lawyers should keep in mind that plaintiff experts tend to treat mutations as fungible but they are not
A Experts called by defense can testify to existence of objective, reproducible metrics such as:
d CADD scores regarding pathogenicity of mutation

0 EXAC scores regarding rarity of mutation

A Defense can move to bar or cr@ssmine due to plaintiff expert failure to introduce objective mutation specific
evidence for mutations f@APland other genes,
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CADD Scores are in Published Studies
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Wu 2025 (NCI) 8

CADD Scores for Gene Variants

£
. - . =
Age at Smoking Functional CADD Clinical <
1D Sex Enrollment History Germline Mutation Consequence Score (NG) Score| CLIN_SIG ClinVar_CLNSIG_slim  Group Cohort §
S1 [z 65 N c.436dupA depleted —0.189332075 16.12 Unobserved Pathogenic (P) M2 NCTO4431024 =
s2° M 66.2 N c.855dupC Frameshift —0.1083403 N/A Pathogenic Likely Pathogenic (LP) M2 NCTO4431024
S3 M 51.9 N €.830_831del Stop gained —0.1109776 N/A Pathogenic P/LP M2 NCTO04431024
54 M 68.5 N c.1938T>A Stop gained —0.1315452 36 Pathogenic P/LP M1 NCTO04431024
S5 M 46.3 Y c.1938T>A Stop gained —0.1315452 36 Pathogenic P/LP M1 NCTO4431024
S6 M 47.7 N c.1938T>A Stop gained —0.1315452 36 Pathogenic P/LP M1 NCTO4431024
S7 M 69.5 N c.1153C>T Stop gained —0.1109776 36 Pathogenic P/LP M2 NCTO4431024
S8 M 44.8 Y c.1938T>A Stop gained —0.1315452 36 Pathogenic P/LP M1 NCTO04431024
59 7 42.7 Y c.778C>T Stop gained —0.02900829 39 Pathogenic P/LP M1 NCTO4431024
S10 M 64 N c.1717delC Frameshift —0.038271807 32 Pathogenic P/LP M2 NCTO4431024
s11 M 65.7 Y c.1717delC Frameshift —0.038271807 32 Pathogenic P/LP M2 NCTO4431024
s12 M 68.5 N c.2056+1G>C Splice donor —0.1364949 N/A Likely P/LP M2 NCTO4431024
pathogenic
513 [® 33.2 N c.1777C>T Stop gained —0.0794287 38 Pathogenic P/LP M1 NCTO04431024
S14 F 63.4 N c.458delC Frameshift —0.1974506 N/A Pathogenic P/LP M2 NCTO04431024
515 = 36 N c.1153C>T Stop gained —0.1109776 36 Pathogenic P/LP M2 NCTO4431024
S16 M 37.3 Y c.178C>T Stop gained —0.070179237 36 Pathogenic P/LP M2 NCTO4431024
517 M 53 N €.2050C>T Stop gained —0.113279%6 42 Pathogenic P/LP M1 NCTO04431024
518° M 49.8 N c.119_120del Frameshift —0.2098157 N/A Pathogenic P/LP M2 NCTO04431024
519 7 5 Y c.2050C>T Stop gained —0.1132796 42 Pathogenic P/LP M2 NCTO4431024
520 F 47.4 N c.2050C>T Stop gained —0.113279%6 42 Pathogenic P/LP M1 NCTO4431024
s21 M 39 Y c.292A>C Missense —0.15098855 26.8 N/A Uncertain M2 NCTO04431024
522 F 50.6 N €.1203dup Frameshift —0.2320384 26.7 Pathogenic P/LP M1 NCTO04431024
523 M 34.3 N Exon 1-14 deletion N/A —0.177246202 N/A Pathogenic P/LP M2 NCTO4431024
524 F 59.5 N c.1203dup Frameshift —0.2320384 26.7 Pathogenic P/LP M1 NCTO4431024 5
5255 E 30.8 Y €.1203dup Frameshift —0.2320384 26.7 Pathogenic P/LP N/A NCTO4431024 5
526 F 73.3 N c.1153C>T Stop gained —0.1109776 36 Pathogenic P/LP M2 NCTO04431024 E
527 B 3552 N Partial deletion N/A N/A N/A N/A N/7A MO NCTO4431024 ;
(exons 10-11) ‘_:
528 F 66.1 N c.1938T>A Stop gained —0.1315452 36 Pathogenic P/LP M1 NCTO04431024 g‘
5292 F 29.9 Y c.1358_1359del Frameshift —0.1338676 26.2 Pathogenic P/LP N/A NCTO4431024 a
S30 F 37.8 N c.458delC Frameshift —0.1974506 N/A Pathogenic P/LP MO NCTO4431024 E
531 [® 60.4 Y c.592G>T Stop gained —0.1868802 36 Pathogenic P/LP M3 NCTO04431024 [=)
532 F 58.3 Y c.102_109del Frameshift —0.207685896 33 Pathogenic P/LP M1 NCTO04431024 E
S$33 M 50.6 N c.1938T>A Stop gained —0.1315452 36 Pathogenic P/LP M2 NCTO4431024 =
534 M 32.8 Y c.510dupT Frameshift —0.183785775 29 Pathogenic P/LP M2 NCTO4431024 @
S35 M 39.8 N ¢.510dup Frameshift —0.183785775 N/A Pathogenic P/LP M1 NCTO04431024
s36° F 43.2 N c.1717delC Frameshift —0.038271807 32 Pathogenic P/LP N/A NCTO04431024 §
S$37 M 5o N c.510dup Frameshift —0.183785775 N/A Pathogenic P/LP M2 NCTO4431024 .
538 M 72.7 N c.1174C>T Stop gained —0.1915433 38 Pathogenic P/LP M2 NCTO4431024 =
(continued) °
-
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CADD Score Metrics

AA CADD score of 15 is the recommendedminimum cutoff to identify deleterious
mutationgKircheretal., 2014 Rentzscletal., 2019 2021])

AA CADD scoreof 20 indicatesthata variantis amongthe top 1% of the mostdeleterious
variantsin the humangenomgKircheretal., 2014 Pastorincetal., 2018

AA CADD scoreof 30 placesa variantin the top 0.1% of the most deleteriousvariants
(mutations)n the humangenomgKircheretal., 2014 Rentzscletal., 2019 2021])

_ LSP Group LLC
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Data/Evidence from Key Recent Studies




Congedo 2024 0 20% estimate for genomic mesotheliomas

AfiThe incidence of MPM cases without deeniaceasag e
in recent years, suggesting that genetic predisposing factors may play a crudal role.

AfiSeveral candidate genes have been associated
most of them play a role in DNA repair mechanismeerall, approximately 20% of MPM cases may be
related to genetic predispositiorn

Afi - AMPMs i n t mignfientlplass dggasdivandpatiers require a multidisciplinary
approach that involves genetic counseling, medical genetics, pathology, surgical, medical, and radiation
oncology expertise

Congedo MT, West EC, Evangelista J, et al. The genetic susceptibility in the development of malignant pleural mesothelioma: somaticrad
germline variants, clinicopathological features and implication in practical medical/surgical care: a narrative review.J Thorac Dis. 2024;16(1):67:
687.
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Prassas 2025 - Pathogenic Germline BRCA2 Mutations Cause

Mesothelioma and Other Cancers

AfiCarr BROAZPVsoN = 1629) had a signi fi can tassgciatedcanceesdbseast
ovarian, pancreatic, and prostate) and six additional types of cancer (lung, oral, small intestine, larynx, liver, and
mesot hel i oma) , hazpsrd 0a00db. OHR) > 2.37, all

AARAddi ti onal

|l y, carriers were significantly associ at
| arynx (HR = 3.89), | 1 vmmes dtHRe |I=i @md 7TOHR Il = (H4.RY HR 2 = 81
i ntestine (pHR 6.8020p, all
AAFurthermore, overwhelming evidence in the | ast t w

by a large number of common canspecific riskassociated genetic variants in the genokig [. 0

d Prassas B, Shi Z, Tran H, et al. Estimating Cancer Penetrance in Carriers of BRCA2 Pathogenic Variants Usil
CancerSpecific Polygenic Score€ancer Med2025;14(11):e7099@.0i:10.1002/cam4.70990

LSP Group LLC

Toxico iy 2
“"l 29 H ﬂ LAW | SCIENCE | POLICY



https://onlinelibrary.wiley.com/doi/10.1002/cam4.70990#cam470990-bib-0021
https://onlinelibrary.wiley.com/doi/10.1002/cam4.70990

Wu (NCI - Schrump) 2025

A Published in July 2025, the study presents data gathered from a National Cancer Institute clinical trial

determine the onatural historyo of mesotheli ol
AARA total of 50 patients with 32 uniqgque BAP1 mi
and July 2024 with data collection to August

AiThe cohort included 24 males and 26 if7e3ma3l g9 .\

Al Asbestos exposures, which traditionally have
of patients with mesothelioma, 1168 wer e not objectively quantif

_ LSP Group LLC
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MoreWu -Wi despr eadompulrttiment , Synchronou:

Were Found Using Minimally Invasive Procedures

A The following data further proves genetic causation, and can be used to support requests for genetic te
data and to shape discovery.

A fiOverall, of 43 subjects who underwent surgical evaluation of more than one cavity, 34 (79%) were fou
to have synchronous, subclinical multicompartment mesotheliomas (Supplementary Table 4A).

A Moreover, 14 of 15 subjects (93%) with a prior history of mesothelioma were found to have additional
disease (26 of 29 compartments evaluated [90%)]).

A In contrast, of 30 patients with no prior diagnosis of mesothelioma, 25 (83%) were found to have diffus

mesot hel i omas at surgical eval uation, i1 ncludi:i
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Genetic Findings from Wu (NCI - Schrump) 2025

A The following data further show genetic causation independent of asbestos fibers

AfioOur findings clearly demonstrate that germline BAI
with common and mutatiespecific hotspots distributed across virtually every chromosome; presumably, these
perturbations contribute to an increased risk of developing mesotheliomas and other tumors in subjects with BCS.

A Our DNA methylation analyses represent the most extensive, systematic evaluation of the epigenetic effects of na
occurring germline BAP1 mutations in human cells and extend recent findings pertaining to potentially deleterious
effects of CRISPRne di at ed BAP1 mutations in HAP1 cell s. o

KTH comment: In brief, HAP1 cells are widely used for genetic screening and functional genomic studies due to hav
single copy of most genes, which quickly expose the effects of mutdgehlarguésSistacG, BonjochL, CastellviBel

S. HAP1, a new revolutionary cell model for gene editing using CRIG&$®.Front Cell Dev Biol 2023;11:1111488
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More Wu - Results from Imaging Were Much Less Informative

Afiln this study, wesoktomadTiragding ttchmdues inlcomjunctiori withVATS and DL, could
facilitate detection of mesotheliomas in subjects with germline BAP1 mutations to gain information related to the
prevalence and natural history of these neoplasms.

AfiOur analysis revealed the presence of previously 1
in nearly 90% of subjects and more than 80% of all cavities exanimegast majority of these mesotheliomas had no
clearly discernible abnormalities on CT scans due to the small size and sessile nature of lesions.

A These findings strongly suggest that CT scans have limited utility in either detecting or ruling out early stage
mesotheliomas in subjects with BCS.

A Furthermorepositron emission tomography/CT imaging does not appear to be a useful screening modality for thes
malignanciesof 105 previously undiagnosed compartments, only five (4.7%) displayed FDG avidity potentially
suspicious for mesothelioma (data available on request).

LSP Group LLC
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Krevanko 2025 - Genetics and Epidemiology Intersect

AAbstract : fGDofindndgssugdest that a genetic predisposition for malignancy contributes tc
U. S. mesot heli oma rates and I s a distinct ri sl

A KrevankoCF, Hernandez AM, Gauthier AM, Vahora MS, Lewis RC, Pierce JS. Potential influence of
cancer history on mesothelioma incidence: an ecologic analysis in the U.S. population.

d KrevankoCF, Hernandez AM, Gauthier AM, Vahora MS, Lewis RC, Pierce JS. Potential influence o
cancer history on mesothelioma incidence: an ecologic analysis in the U.S. popkiai@mkoCF,
Hernandez AM, Gauthier AM, Vahora MS, Lewis RC, Pierce JS. Potential influence of cancer histo
on mesothelioma incidence: an ecologic analysis in the U.S. populbfaiblic Health Ox®).
KrevankoCF, Hernandez AM, Gauthier AM, Vahora MS, Lewis RC, Pierce JS. Potential influence o
cancer history on mesothelioma incidence: an ecologic analysis in the U.S. popdilBtibhc Health
(Oxf). Published online September 7, 2025. doi:10.J93nhedfdaf110
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Krevanko 2025 - Note Especially the Statistics for Females

AAbstract: NACiofinamgssigygest that a genetic predisposition for
malignancy contributes to U.S. mesothelioma rates and is a distinct risk factor
l ndependent of asbestos exposure. o

Al Approxi mately 25% (n=3969) of all fen
another primary cancer duringtheg@® ar st udy period. o

Al Among f emal es wdancérdiagnosid, mesathelipmaiwasaacorded as
the second of two or more malignancies in 68% of females and the third of three or m
malignanciesibl 4 %of f f emal es (Tabl e2) .0

_ LSP Group LLC
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Carbone 2025 - More Evidence that Some BAP1

Mutations Cause Mesotheliomas by Themselves

AiWe identified 34 different germline |

Al Among 273 é&arri@&@saBet 281, 84 were diagnosed with mesothelioma (35%),
1/84 had evidence of asbestos expasure

AiNo mesothelioma was recorded among 12
BAP1"*p<0. 0001. 0

d Carbone M, Minaai MKittanehM, et al. Clinical and Pathologic Phenotyping of mesotheliomas
developing in carriers of Germline BAP1 Mutatiodg.horacOncol doi:10.1016/].jth0.2025.06.020

_ LSP Group LLC
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https://pubmed.ncbi.nlm.nih.gov/40582407/
https://pubmed.ncbi.nlm.nih.gov/40582407/

Nielsen 2025 o Null Variant Germline BAP1 Mutations Can Cause

Mesothelioma by Themselves - Dr. van Zyl and Colleagues

A Overall, the authorsconcludedhat the probability that malignantmesothelioman BAPL mutantmice would be highly
unlikely if BAP1 mutationsdid NOT causeMesothelioma Specifically, basedon the data,the authorsconcludedthat

the likelihood is approximately97.9% certainthatthe rate of mesothelioman BAPL mutantmice occurata minimum
of twice therateof mesothelioman wild typemice

A fi O uanalysisconcurswith the biological data showingthat pathogenicgermline BAPL mutationsare sufficientto
causemalignant mesotheliomandependenbf externalfactors (i.e., exposureto asbestos) This now eliminatesthe
apparentcontradictionbetweerthe publishedliterature on biological findingsshowingthe impactof variantsin highly
penetranttumor suppressogenes,n this casespecificBAPL variants, and the lack of findings of the sameeffectin
mousestudieswith non-exposedubjectshavingthosesamegeneticvariantso Nielsenetal., 2025

d Nielsen DM, Hsu M, Zapata M 3r@iavarraG, van Zyl L. Bayesian analysis of the rate of spontaneous malignar

mesothelioma among BAP1 mutant mice in the absence of asbestos exposBen 2025;15(1):169.
doi:10.1038/s4159824-84069w
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https://www.nature.com/articles/s41598-024-84069-w
https://www.nature.com/articles/s41598-024-84069-w
https://www.nature.com/articles/s41598-024-84069-w
https://www.nature.com/articles/s41598-024-84069-w
https://www.nature.com/articles/s41598-024-84069-w
https://www.nature.com/articles/s41598-024-84069-w
https://www.nature.com/articles/s41598-024-84069-w
https://www.nature.com/articles/s41598-024-84069-w

Febres-Aldana 2023 0 Germline Variants Cause Mesothelioma

A Physicians andesearcherBom Memorial Sloan Kettering Cancer Center (MSKG&3ued a notable fall
2023 article with the following three key statements:

A "Other causes unrelated to asbestos are being more clearly defined includimgpoéstestosinerals,
germline variants e att2. 0

A "Moreover,biallelic BAP1 inactivation has been shown to be sufficient to drive the development of
nonasbestorelated mesothelioma (85) and is synergistic with loss of NF2 or CDKNZ2A in inducing
mesot heli omaati9h mice (97).0

A "Remarkably, while BAP1 inactivation is oncogenic, not all BARficient DPMs exhibit poor prognosis. A
subset of epithelioid DPMs arising in the context of germline BAP1 mutations is less aggressive, showing
significantly I mproved survival (92).0 at 20

FebresAldana, C. A. Fanaroff, R., Offin, M.,Zauderer, M. G., Sauter, J. L., Yang, S. R.L&danyi, M. (2024). Diffuse Pleural Mesothelioma: Advances in Molecular Pathogenesis,
Diagnosis, and Treatment.Annual review of pathology, 19, 11842.
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Some of the Many Take Aways from the Data in Key Recent Studies

A Make sure to think beyond BAP1, and think even more about BRCA1 and 2

A Find out if plaintiff is part of the NCI BAP1 study reported in Wu, and obtain all medical records from NC

A Wu findingssuggest parties should agree to more autopsies that may revealompartmental
mesothelioma, thereby suggesting/revealing genetic causation
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Germline Mutations

Are Not Predictable
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Toxico

Cheung 2021 (Testa Lab) o

Impossible to Predict Variants in Each Person

Table 2. Variants observed in germline DNA from 14 MM patients

Human Molecular Genetics, 2021, Vol. 30, No. 18 | 1753

Patient Gene(s) Variant(s) Predicted Protein Change(s) Type of variant(s) ExAC_All %;
CADD score
ABS2406 MSH4 NM_002440.4:c.719dupT NP_002431.2:p.11e240fs Indel Novel; 35
ABS2640 CHEK2 NM_007194:c.909- NP_009125.1:p.M304Lfs*16 Del. (exons 9-10) Novel; NA
2028_1095+330del5395
DACT2 NM_214462.3:¢.533C=T NP_999627.2:p.Ser178Leu Missense Novel; 25.9
LRRK2 NM_198578.3:c.6055G=>A NP_940980.3:p.Gly2019Ser Missense 0.0004; 32
ABS2813 MUTYH NM 001128425.1:¢.389-1G=A Frameshift / truncation Splice site Novel; 33
ABS3425 DNMT3A NM_022552.4:c.2631delC NP_072046.2:p.Ser689fs Indel Novel; 35
POLE4 Whole gene deletion No protein expression Whole gene del. Novel; NA
APC NM_000038.5:¢.1642T>G NP_000029.2:p.Leu548Val Missense Novel; 22.7
ABS3460 POLQ NM_199420.4:¢.3589C=>T NP_955452.3:p.Arg1197* Nonsense 1.65E-05; 35
XRCC1 NM_006297.2:c.175delG NP_006288.2:p.Asp59fs Indel 8.24E-06; 35
SETD1B NM_015048.1:¢.2554C=>T NP_055863.1:p.Arg852Cys Missense 5.11E-05; 24
ARID1B NM_017519.2:¢c.2405C=T NP_059989.2:p.Ser802Leu Missense 0.0004; 32
946-P BRCA2 NM_000059.3:c.657_658del NP_000050.2:p.Thr219fs Indel 6.12E-05; 22
LRRK2 NM 198578.3:c.5314 5317+ Frameshift/truncation Indel at splice site Novel; 35
6delAAAGGTAAGG
R88-T LRRK2 NM 198578.3:¢.5314 5317+ Frameshift/truncation Indel at splice site Novel; 35
6delAAAGGTAAGG
ATM NM_000051.4:c.1837G=T NP_000042.3:p.Val613Leu Missense 4.26E-05; 25.5
ABS3383 CHEK2 NM_0071%94:c. 1451C=>T NP_009125.1:p.Pro484Leu Missense 0.0001; 29.7
POLE NM_006231.2:¢c.177G=C NP_006222.2:p.Lys59Asn Missense 4.12E-05; 21.7
ABS3481 ATR NM_001184.4:c.4351C>T NP_001175.2:p.Arg1451Trp Missense 0.0003; 26
JARID?2 NM_004973.4:c.3682G=A NP_004964.2:p.Val1228Met Missense 6.59E-05; 23.7
ABS3505 POLQ NM_199420.4:c7024_7026TAA>AAT] NP_955452.3:p.Leu2342Ile Missense 0.0002; 24.2
BRIP1 NM_032043.3:¢.2220G=>T NP_114432.2:p.GIn740His Missense 0.0005; 23.7
CBFA2T3 NM_005187.5:c.956G=>A NP_005178.4:p.Cys319Tyr Missense 1.76E-05; 23.7
RHBDF?2 NM_024599.5:c.1726A=G NP_078875.4:p.1le576Val Missense 2.02E-05; 21.6
ABS3572 MLH3 NM_001040108.2:c.G3455G=>A NP_001035197.1:p.Arg1152His  Missense 6.59E-05; 24.1

iy,
()
’

LSP Group LLC
H-n LAW | SCIENCE | POLICY




Flexible Reporting of Sequencing Results Can

Eliminate Inefficiencies and Many Disputes




Flexible Reporting of Sequencing Results

Can Reduce Inefficiencies and Disputes

A Disputes over the scope of and reporting of sequencing results really should not arise because Dr. Testa and othexd dvave prov
testified that it is not possible to predict which genes carry germline mutations or which mutations are present

d nonetheless, time wasting and economically inefficient disputes sometimes are generated by lawyers

A To reduce disputes and waste, we worked with a small CLIA certified sequencing lab in California to develop a fleridagequ
results reporting process

A To avoid wastes of time and/or money for litigants and cotiméslab will run whole genome sequencing (WGS) so that the best
possible and complete sequencing data is captured and stored

A The lab, however, is smart and flexible, and so will initially report sequencing results only for the set of genes hygtbedaties
or ordered by a judge

A Subsequently, the lab will report additional sequencing results if agreed to by the parties or ordered by a judge

(LI |SP Group LLC
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Issues re Genetic Data Secrecy
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Defense Losing Data/Evidence Because of Genetic Secrecy Orders

A Plaintiff firms often demand and obtain stipulations or orders that:
d limit disclosure of genetic data in a particular case
Odpreclude use of a caseb6s genetic data I n otfl

d preclude use of genetic data in articles to be submitted ter@aewed journals by defensetained
experts, unless plaintiff consents

A Secrecy orders with such terms are precluding defendants from aggregating additional evidence of ger
causation
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Genomic Evidence: Focus on Objectivity

and Reproducibility

Toxico v, H/‘\Ii



Plaintiff Expert Reliance on 2 Hit Theory is Not Reliable

A Multiple experts called by plaintiffs (e.g. Zhang, Brody, Staggadin, Felsher, Testa, have relied on
Knudsonds 2 hit theory of cancer to bl ame asbg¢

AKnudsondéds 2 hit theory is over 50 years ol d

A Multiple peer reviewed studies over the last 25 years have proved there are numerous exceptions to th
theory (e.g. Chernoff 2021)

A Most defense counsel do riobut should challenge reliability of 2 hit testimony by plaintiff experts
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Recent Stipulations and Orders for

Extensive, Flexible Sequencing

Toxico v, H/_\Ii



Extensive WGS and Flexible Sequencing Stipulations

INn Mizer and Kudenov Cases

A Two mesothelioma cases (Mizer in NJ andkudenov in CA) recently resulted in stipulations to extensive genetic sequencing,
including flexible initial and subsequent reporting of sequencing results

A Both stipulations result in whole genome sequencing (WGS), meaning sequencing of the entirety of all genes
0 WGS is important for multiple reasons, including:

0 becauseDr. Testa and others have proved that it is not possible to predict which genes carry germline mutations
or which mutations are present

d exome sequencing fails to cover about 98% of each gene
d only WGS reveals large deletions and other less common mutations

A Both stipulations result in initial reporting of extensive sequencing results:
0 over four hundred genes (Mizer)
0 over eighty genes (Kudenov)

A After initial results are reported, defendants have the option to seek disclosure of additional sequencing results

A (LI |SP Group LLC
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The Plaintiff Did Not Timely Produce Genetic Testing

Results in Both Mizer and Kudenov Cases

A Despite the frequent presence of genetic testing results in medical records for people with mesothelioma, the
plaintiff did not timely produce genetic testing results in both the Mizer and Kudenov cases

Aln Mizer, I n August Maihe Raichlep belatedly prodticedtad-oundatiomMedidine (
genetic testing report dated May 2023

d The report revealed, among others, the presence of a pathogenicBAP1mutation

A In Kudenov, I n September 2024 (essentially at the start
Foundation Medicine genetic testing report dated in February 2024

d The report revealed, among others, the presence of a pathogenicERCC4mnutation
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Recent Rulings

ANumerous state courts have entered orders for genetic testing in cases involving birth
defects, and cancers allegedly caused by asbestos, benzene, fungicides, drugs and c
toxicants.

AOutside California, recent rulings granting defense motions for genetic testing include
Florida (Maute), HawaifMcCabe), Louisian&Craft), Massachusetts (Gonzalez) and
Washington (Beckwith).

AlIn California, notable recent rulings are Combs and Stark in Alameda.
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Missing Genetic Sequencing Results oo Fami | y Matt e

AAIl I stakehol ders should be aware of the foll owing déogelorgFu o
Hathaway, from the University of Chicago

d May 2023- Hathaway F, Martins R5orschelS, BzuraA, DudbridgeF, Fennell DAFamily Matters: Germline Testing in Thoracic
CancersAm Soc Clin Oncol Educ BooR023;43:e389956.

d Open access at httpsigcopubs.orgoi/10.1200/EDBK _389956?url_ver=239-88
2003&rfr_id=ori:rid:crossref.org&rfr_datcr pub%20%200pubmed

AfAMany patients with mesothelioma are involved with loixposugea
to asbestos. o

AAMany of these patients are rightfully concer ne d.Thahisthe defénse
could argue that the asbestos exposure had little to no effect on cancer diagnosis and that the cause of the cancenwaslellyarig
predisposition to mesotheliomaée. o

Afilt is imperative that genetic counselors discussmies s po-
regarding genetic testingiable alternative options may (1) include a decline in germline genetic testing or (2) choose to undergo g
testing under a research study to keepemphassinfaddadad) on s
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More on Missing Genetic Sequencing Results -

Foll ow Up oFamily Matterso

A The following text is from the ASCO -provided transcript of Q & A after the 2023 ASCO Family
Matters panel presentation by Ms. Hathaway, Dr. Fennell and others:

AOSPEAKER [3 Dr. Fennell]: éWhat do you do if you
patient affecting the |likelihood of successful | 1t |
AOSPEAKER [1 Ms. Hat haway]: Yeah, so, so far, they I
interesting enough, at least in the United States, this is why Dr. Kindler set up her research, mainly to

avoid having to disclose that when they ask for health records .0

A 0 &hich is why | would say that the majority of my mesothelioma patients that we see when they come back positive

under the research study, I've yet to have anybody want to do clinical  -based testing after getting -- knowing that
they have their mutation research -wise, because we don't put it in the medical record at that point . 0
AoWe do talk to the patient's family memb-andgo.ovelWhatdoesc our age

t hi s mean. o

A Video and transcript are available to ASCO members at the following link: https:theetings.asco.or¢2023-asco-annual-
meeting/15123?presentation=215121#215121
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Limits of Exome Sequencing Reports
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Exome Tumor Sequencing Misses About 98% of Each Gene,

and Does Not Rule Out Other Mutations

A Exomesequencingienefi p a ntaveish@rentimitations

d they do no detectvariantsin deepintronic regions of genes,and do not detectlarge deletions,whole gene
deletionsandlargestructuralrearrangements

A Somatictumorsequencingloesnot rule outthe possibility thata personcarriespathogenigermlinemutations

A Theseprinciplesactuallymatterfor masstort cases

d For example multiple publishedpeerreviewedstudieshavenow shownthat familial whole BAP1 genedeletions
do occur, including deletionsof large sectionsof the BAP1 gene(i.e.,, Walpole et al., 2018 Boru et al., 2019
Carboneetal., 2022 Panditharetal., 2022etc)
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OActi onabl eo and Clinically Si

Do Not Rule the Presence of Pathogenic Mutations

A Do not befooled by6 act i oon@dll iedii ayanli |frgpoctsiah o dnutations, such as below
A In brief, those reports are limited to mutations that can be treated with a precision medicine

BRCA1/2 Analyses with CancerNext-Expanded®: Analyses of Genes Associated with
Hereditary Cancer (90 genes)

RESULTS
Pathogenic Mutation(s): None Detected
Variant(s) of Unknown Significance: None Detected
Gross Deletion(s)/Duplication(s): None Detected
|SuMMARY
NEGATIVE: No Clinically Significant Variants Detected
[INTERPRETATION

m No pathogenic mutations, variants of unknown significance, or gross deletions or duplications were detected.
m Risk Estimate: low likelihood of variants in the genes analyzed contributing to this individual's clinical history.

m Genetic counseling is a recommended option for all individuals undergoing genetic testing.
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Overall Conclusions #1

AStrong clinical evidencethat geneticallydriven mesotheliomasrepresent
a distinct diseaseentity (Wu et al., 2025 Carboneet al., 2025

AWu et al., (2025 clinical study examined50 people who carry 32 unique pathogenicgermline BARL
mutations 70%o0f the patientspresentedwith prior BARL cancers

A Wu (2025 and Carbone(2025 data showsthat germline BARL-driven MM tumors are bi-lateral and/or
multi-compartmentaltumors and occurredin the majority of the studymembers

A Multicompartment disease majority of patients had synchronous pleural + peritoneal
mesotheliomas many had tri-compartmentinvolvement Synchronousbi-lateral tumorsare € w9 5
C[ ! [of geneticallycauseddisease

A Majority of BARL germlinecarriershad subclinicaimesotheliomasiespiteminimalor no CTfindings
ALesionsare multicompartmental, low-grade, and indolent, not resemblingclassic
asbestosdriven mesothelioma

A Genomicanalysesrevealedthat pathogenicgermline BAPL mutations induce non-random somatic
mutations, includingepigeneticchangedi.e., non-randomchangesn methylationpatterns)

AClinicalstrategy. observation+ surveillancenot immediatetherapy




Overall Conclusions #2

AGeneticpredispositiorfor U.S mesotheliomaratesis a distinctrisk factor independenof
asbestoexposurdKrevankeet al., 2025

Aln the context of Malignant Mesothelioma(MM), my group and | recently publisheda
study in Nature ScientificReports(Nielsenet al., 2025 confirmingthat highly penetrant

pathogenic germline mutations in the BAH Gene in mice can and do cause
mesotheliomandependentlyof asbestosxposure

A& Li§ very important that those caring for these patients understand that
genetically linked mesotheliomas especiallywhen detected at an early
stage, have a muchlessaggressiveclinical coursecomparedto patients with asbestos

inducedmesotheliomas Theseare different diseasesrheformer is minimally

Invasive,patients survivefor severalyearsand respondto therapy. Somepatients have
beencured..£ Novelliet al., 2024




Overall Conclusions #3

Germline Variants Directly Drive (Determine) Subsequent Tumor Characteris

A Substantialevidence (from NGSexperiments of extremely large populations) are showing that the
subsequent acquired somatic (tumor) mutations are NOT RANDOMLYAQUIREDJ[via stochastic
replication errors (R)alone]; or aswe age

A Rather, they are PREDETERMINERo a large extend by Inherited (germline) Pathogenic or
PolymorphicVariantswith direct health consequences

A Alsoimportantly, new data supports a direct link between germline variants and immune evasionor
suppressedanti-tumor responseduring cancerprogression

A Numerouslarge scaleresearchstudieshave now unequivocallyshownthat specificgermline variantsin
the genome (coding or non-coding) impact which somatic events and mutations are generated and
selectedfor in cancercellsduringtumorigenesis

A Germlinepathogenicvariantsplayad A 3y Ardlednl-cghder includingthe immune system,highlighting
that heredity doesnot play a minimal, but a dominantrole in cancertumorigenesis
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IS an Asbestos Independent Risk

Factor for Mesotheliom
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Potential influence of cancer history on mesothelioma
incidence: an ecologic analysis in the U.S. population

Callan F. Krevanko', Ashley M. Hernandez?, Alison M. Gauthier’, Moin S. Vahora?,
Ryan C. Lewis* @ and Jennifer S. Pierce?

ap, 720 SE 160th Ave Suite 10.
121 West Wacker Dr., S
ap, 1111 Broadway,

0 Okland, CA 9

A. E-maik: ryan

hor, Benchmark Risk Giroup, 1111 Broadway, @benchmark-risk.com
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predisposition for malignancy contribute

to U.S. mesothelioma rates and Is a
distinct risk factor independent of
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BackgrouM®: There is a for popifatch level research on the poteMial Genetic-badls of othelidtha (e.g. BRCA1- ted

protein-1 [BAP1]) independent of other risk factors, such as amphibole asbestos exposure. By surrogate, another primary cancer history can be
used to explore this issue, including in the USA, where the incidence rates (IRs) in men, but not women, are temporally aligned with historical

consumption.

Sﬂs: We computed age-adjusted IRs of mesothelioma in females and males stratified by other primary cancer history using publicly

le U.S. cancer data from 1975 to 2021. To facilitate comparison with other cancers associated with BAP1, we calculated age-adjusted
IRs for female breast cancer and melanoma.
Results: Similar to breast cancer and melanoma, ~ 25% of females with mesothelioma had a history of at least one other primary cancer. While
IRs of mesothelioma in males without a history of other primary cancers were temporally aligned with historical asbestos consumption trends in
the USA, IRs of mesothelioma among males with other primary cancer histories showed no relationship with asbestos consumption trends.
Conclusions: Our findings suggest that a genetic predisposition for malignancy contributes to U.S. mesothelioma rates and is a distinct risk
factor independent of asbestos exposure

Keywords: mesothelioma; multiple primary neoplasms; risk factors; SEER program

Introduction of 29, respectively. A more recent SEER analysis revealed

B . . that 18% of incident mesotheliomas in 2019 among those
In the lfr\, mesothelioma is a rather uncommon cancer, i

aged > 18 years were among persons with a previous can-

ith o

nual age-adjusted incidence rate (IR) of <1 per
ersons at risk.’” Prior to the initial impacts of the
s disease from the SARS-CoV-2 virus in 2020,
mesothelioma accounted for ~0.10% of all mortality in the

) (0
coron!
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USA per year” Mesothelioma bears a unique characteristic:
incident cases in the USA occur in a relatively high per-
centage of individuals with a history of prior cancer of a
different type.* For example, an analysis of data from the
National Cancer Institute’s (NCI) Surveillance, Epidemiol-

agy, and Tind Results (SEER) Program revealed that among
incident mesotheliomas in 2009-2013, 10. of those aged
20-64 years and 23.5% of those aged = 65 years had been

previously diagnosed with cancer at another site.” For con-
text, compared to 29 other incident cancers, the rank-order
of these two percentages was one of 29 and two (ted)

cer at another site, corresponding to a rank-order of two
of 29.4

Patients with a history of multiple primary cancers are
more likely to have a hereditary predisposition to malignancy
due to their increased probability of carrying germline mura-
tions in cancer-related genes.™® Accordingly, the International

Callan F. Krevanko, Supervising Health Seientist
Ashley M. Hernandez, Supervising Health Scientist
Afison M. Ganthier, Mansging Heslth Scientist
Moin S. Vahora, Senior Associste Health Scicntist
Ryan C. Lewis, Principal Health Scicntist

Jennifer . Pierce, Senior Principal Health Scicntist



MM Developing iBAPY- Carriers is

a Different Disease: Biologically, Histologically, and Clinicall

ORIGINAL ARTICLE fﬁﬁ Clinical and Patholqgic Phenotyp_)ing of mesothe_lioma developing in %%‘:)f:;‘lgf
carriers of Germline BAP1 Mutations Oncology

Prospective Analysis of Mesotheliomas in Subjects
With BAP1 Cancer Syndrome: Clinical
Characteristics and Epigenetic Correlates of
Disease

MM in BAP1 mutant carriers is a different
disease compared to asbestos induced MM

Introduction - The BAP1 Cancer Syndrome Results

62.2% of 45 BAPI** Carriers (Age 50-59) with MM
D st s ot 43 1400 carrier
A 3099

We discovered that familial MM was transmitted in a
Mendelian fashion®; that germline BAP1 mutations Taem
caused MM? and other cancers?;
and we elucidated mechanisms of BAP1 activity.46

Xinwei Wu, MD, PhD,” Frank Villa Hernandez, MD,? Haitao Wang, PhD,”
Ruihong Wang, PhD,? Stephanie Shiffka, PhD,* Niharika Shah, MD,"

Shamus R. Carr, MD,” Chuong D. Hoang, MD,* Andrew M. Blakely, MD,*
Alexandra Lebensohn, MS, CGC,9 Keerti Mishra, PhD,? Sichuan Xi, MD, PhD,?
Mary R. Zhang, M5, Tuana Tolunay, MD,* Sudheer Gara, PhD,* Amanda Absher, PA,*
Deneise Francis, RN,” Amanda Rowland, NP,® Maureen Connolly, RN,*
Stephanie Jacobs, MLIS,® Sandra Orfgen, MD," Kevin Driscoll, CRNA,"

Azam Ghafoor, MD,® Xiaofan Lu, PhD," Gabriel G. Malouf, MD, PhD,"
Haining Yang, MD, PhD,' Michele Carbone, MD, PhD,' Raffit Hassan, MD,?
Elizabeth Jones, MD, MPH, MBA,J Markku Miettinen, MD, PhD,"

David S. Schrump, MD, MBA™*

Here we present our findings studying from 1999-2024,
47 families carrying heterozygous germline BAP1
mutations (BAP1+’) including 238 BAP1*- carriers and

23 BAP1+* relatives.

Representative Family Tree
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“Protocol Suppert Office, Center for Cancer Research, National Cancer Institute, Bethesda, Maryland
Department of Perioperative Medicine, National Institutes of Health, Bethesda, Maryland
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MInstitute of Genetics and Molecular and Cellular Biology, CNRS/INSERM/UNISTRA, lllkirch, France
University of Hawaii, Oahu, Hawaii
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Characteristic Histology (A C), most patients have
T three-cavitary diffuse mesothelial hyperplasia and (D),
,!a Koo lgrads focal areas of low-grade germline-mutant-BAP1-
associated mesothelioma (L-BAM). L-BAM are
superficially invasive mesothelial neoplasms that show
BAP1 loss. Most microscopic L-BAMs do not progress,
if they become visible on imaging these neoplasms
should be removed. This patient was treated with
extrapleural pneumonectomy at age 43 and died 19.5
years later of a stroke. MM never recurred.

There were 84 cases of MM and 22 cases of UVM
among the 238 BAP1+- carriers, 8 of them developed
both malignancies. None of the 123 first and second-

degree relatives with WT BAP1+*+ were diagnosed with

o , a MM [x(1) = 56.6, p < 0.0001], or with UVM
ABSTRACT Results: A total of 50 subjects with 32 germline BAPI [X2(1) = 921‘ p< 00001]

Received 19 May 2025; revised 5 July 2025; accepted 29 July 2025
Available onling - XXX

Introduction: Although mesotheliomas are the most
common malignancies identified in BAP1 cancer syndrome
(BCS), the prevalence and natural history of the neoplasms
have not been elucidated. Protocol NCT04431024 was
initiated to prospectively evaluate whether high-resolution
computed tomography (CT) imaging and minimally inva-
sive surgical evaluation could facilitate detection and sur-
veillance of mesotheliomas in subjects with germline BAP1
mutations.

Methods: Subjects above or equal to 33 years of age with
or without prier malignancies underwent CT imaging fol-
lowed by bilateral thoracoscopies and laparoscopies. CT
imaging and intraoperative findings were objectively
scored; surgical biopsies were interpreted by two expert
pathologists. Skin, peripheral blood mononuclear cells,
plasma, serum, and tumor biopsies were collected for
correlative research studies.

mutations were enrolled between March 2021 and July
2024. Median follow-up was 21.8 months (range: 1.7-41.1
mo). Furthermore, 16 sites of prior mesothelioma in 15
patients were excluded from the analysis. Surgical
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CONCLUSION: Compared to sporadic MM, MM developing in BAP1*- carriers are a different disease, biologically,

histologically and clinically: these patients require a tailored clinical approach. Because these patients are at high risk of
developing multiple cancers, they benefit from annual screening for early cancer detection that can be life-saving.
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Two IndependentStudiesUncovera Novel,LessAggressiv&/ariantof MesotheliomaLinkedto GermlineBARL Mutations (Wu 2025NationalCanceiinstitute (NCI) Carbone2025 University
of HawaiiCancerCenter illuminate a previouslyunrecognizedsubsetof mesotheliomapatients whosetumors exhibit markedlylessaggressiveelinicalbehaviorand respondfavorablyto
therapeuticinterventions



Aa! f (i KéediEttcomparisonwvasperformed,our prospectivdl Y R A(ificEidingour recent
retrospective analysi8®) strongly suggest that mesotheliomas arising in_subjects with

germline BAPL mutations are distinctly different from sporadic mesotheliomaswith or
without somaticBAPL mutations. 1036

Aa 2 K S Mporadicmesotheliomaspredominantlyinvolve one body cavity,3” germline BAPL
mutant mesotheliomasarise as synchronous,multicompartment malignancies our next-
generation sequencingstudies (Gilsonet al., unpublisheddata, 2025 O 2 y UidYthese
lesionsare polyclonal,consistentwith a U S taRcerizationphenomenorg

Aa! f O KeadEEh& bias®®cannotbe ruled out, rates of progressionand lethality of early
stage mesotheliomasarising in subjectswith BCSappear to be slower than those of
sporadic mesotheliomas®, in all likelihood, the unique molecular and histologic
phenotypesof germline BAPL mutant mesotheliomasdescribedin this study contribute to
a A 3y A Ppolbngdd udvivalsof patients with these neoplasmsversusthose with more
common,sporadicmesotheliomas!®3®¢ Wu et al., 2025



A 6Our experienceto date indicatesthat diffuse, subclinicalmesotheliomasin subjectswith BCS
do not warrant immediate interventions,suchas surgery,immuno-therapy, or chemotherapy,

as patients with these malignancies may live for extended periods before manifesting
clinicallyevidentdiseaseE

Ad 2 s2commendperiodicsurveillanceas outlinedin Supplementarylable2, with standardof-
care interventionsonce diseasels apparenton conventionalimaging studiesor there is rapid

progressionon minimally invasive surgical assessmentall surveillanceand interventionsin
subjectswith BCShouldbe per-formedin the contextof prospectiveclinicaltrials.

Aa / t sdltidisciplinary follow-up is essentialfor these subjects, given their propensity to
developother cancersand the potential for their relatively indolent mesotheliomasto evolve
into lethal malignancies it isimportant for cliniciansand carriersof germlineBAFR. mutationsto

recognizetheserisks and realize that, presently,there are no validated biomarkersthat can
predictwhichmesotheliomasvill becomdife threateninge Wu et al., 2025



A 6Our DNAmethylation analysesrepresentthe most extensive,systematicevaluation of the epigenetic
effects of naturally occurring germline BARL mutations in human cells and extend recent findings
pertaining to potentially deleteriouseffectsof CRISPRediated BAPL mutationsin HAPL cells?®

AOur findings clearly demonstratethat germline BAPL mutations
iInduce nonrandom alterations in DNA methylation with
common and mutation-specific hotspots distributed across

Virtually every chromosome presumably, these perturbations contribute to an

increasedisk of developingmesotheliomasand other tumorsin subjectswith BCE Wu et al., 2025

AsOur UV R A Yravide preliminary proof-of-concept that systemic
epigenetic burdens in normal, non-target tissuesare linked to cancer

predilectionin subjectswith BCSwuetal., 2025



The Direct Impact of Germline Variants On Somatic Events [

Tumorigenesis

ACanceris characterizedby diverse genetic alterations in both germline and
somaticgenomesthat disrupt normal biologyand provide a selectiveadvantage
to cellsduringtumorigenesigRamroopet al., 2019.

AAnalysesntegratingdata from both germlineand somaticgenomesfor the same
personhave identified numerousgermlinevariantsthat directly impact somatic
eventsin tumors, includinginducinghotspotdriver mutations

AThese interactions between specific germline variants help
determine/influence cancer subtypes, treatment response, and clinical
outcomes(Ramroopet al., 2019.

Aln short Germlinegeneticvariants play a critical role in shapingthe selectionof
and generation of specificsomatic mutations during tumorigenesis(Ramroop
etal., 2019.

As demonstrated by the Wet al., 2025 germlindBAP Istudy



Germline Variants Directly Impact Tumor Characteristics

AUsingnext-generationsequencingthe germline and tumor genomeshave been
explored independently for mutations that are associatedwith tumorigenesis,
often with the germline genome serving as a reference control for acquired

(somatic)mutations (Ramroopet al., 2019 Srinivasaret al., 2021; ValtPouret al.,
2022 etc)

AAnalysedntegrating data from both germline and somaticgenomesof the same

personhaveled to the discoveryof novel associationdetweengermlinevariants
andspecificsomaticevents

AResearcthave now unequivocallyshown that specificgermline variants impact
which somatic events and mutations are generated and selectedfor in cancer
cellsduring tumorigenesis(Ramroopet al., 2019



The ContexSpecific Role of Germline Pathogenicity in

Tumorigenesis

A Srinivasanet al. at Memorial SloanKettering CancerCenter published a study in 2021 which
demonstrated how pathogenicgermline mutations shapethe somatic landscapeto promote
cancerinitiation and progression Theauthorsleverageda unique, pancancerclinicalcohort of
matchedtumor and normal genomicdata (i.e., 17,152 cancerpatients diagnosedwith 55 broad
cancertypes and 413 histologicalsubtypes matched germline and tumor DNAwere usedto
sequencet68cancerassociatedyenes)

A Theyshowedthat carriersof high penetrancepathogenicvariants, lineagedependentselective
pressurefor biallelicinactivationwas associatedwith earlier age of onsetand specificsomatic
phenotypesindicative of dependenceon the germlineallele for tumorigenesig(srinivasaret al., 2021).

Ad Lsyich patients, this germline & R N W&S Ikaly the founding event that directly
promoted cellular transformation and tumor initiation, ultimately shapingthe somatic
mutational profile of the resulting tumors, with subseguentsomatic driver events
arising to accelerate tumor formation, progression, and potentially therapeutic
sensitivityand NS & A & $ritivysdetai, 2021



The ContexSpecific Role of Germline Pathogenicity in

Tumorigenesis

AdTheseresults have wide-ranging implications for the clinical managementof cancers
arisingin carriersof pathogeniccancerassociatedvariants.e

Ad ! t ( A YMHeyisgyhabtle need for a fundamental shift in current approachesto
clinical assessment,whereby an integrated analysis of somatic and germline
alterationsisrequiredin orderto presenta more completeviewof aLJI U A &agcarQ a

Ad Ltkis framework, somatic features such as biallelic inactivation and co-occurring
mutational signaturesin the arising tumor complement population frequency and
family history to directly inform the interpretation of germlinevariants.

Srinivasaret al., 2022



Highly Penetrant Pathogenic Germline Variants In Essential Genes Dri

Tumorigenesis Without Other Factors

GERMLINE MUTATIONS

How the germline informs the somatic landscape

How somatic and germline mutations interact in cancer remains largely unexplored. A study of 17152 patients
with cancer suggests that the relative contribution of pathogenic germline mutations is governed by lineage and

penetrance.

Stephen J. Chanock
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Highly Penetrant Pathogenic Germline Variants In Essential Genes Dri

Tumorigenesis Without Other Factors

DynamicModel of Carcinogenesis

dTumor development depends on complex
interactions between germline variants (dark
blue), somaticallyacquiredvariants (yellow) and

environmental exposures (green) Pene
trance alsohasa modifyingrole in
which highly penetrant (germ-
line) variants are more likely to
drive tumorigenesis without the

Influenceof other factorse
Chanock2021: Nature Genetics

Adapted fromChanock2021; based on data generated from a massive genomics study by SrirevasaB021; Nature Genetics



