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* Introduction and comprehensive molecular studies in MPM
 BRCA1l-associated protein 1 (BAP1)

* Neurofibromatosis type 2 (NF2)

* Cyclin-dependent kinase inhibitor 2A (CDKN2A)

e Other potential targets

* Parma pre-clinical experience

* Conclusions
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Timeline of research and

legal milestones in mesothelioma

US Toxic Substances Control Act enables
regulation of asbestos and bans new
uses of asbestos after 1989 (REF. 191)

UK Chief

Inspector of Wagner

Factories

reports more between
frequent lung asbestos

cancer in cases
of asbestosis'®®

identifies a link

exposure and
mesothelioma?®

Newhouse and Thompson
report asbestos exposure in
mesothelioma cases: wives
washing work clothes of
exposed husbands was an

exposure mechanism?!#8

Randomized phase Il trial
confirms benefit from
pemetrexed and cisplatin
combination chemotherapy?®

Bap1 mutations are associated
with increased sensitivity to
asbestos in a mouse model'®

The UK bans import
and use of crocidolite
and amosite

Germline BAP1 mutations are
associated with a familial risk
of mesothelioma, ocular
melanoma and other

B cancers’?’?

with ADI-PEG20
improved PFS in
patients with
ASS1-deficient
mesothelioma'?!

Arginine deprivation

Doll reports that asbestos
exposure is associated
with an increased risk of
lung cancer®

The UK Asbestos
Regulations control
asbestos exposure in the
workplace®®

Selikoff reports excess
incidence of lung cancer and
mesothelioma in asbestos
workers'®’

US Federal Clean Air Act
identifies asbestos as a
hazardous pollutant!®®

Second IARC
working group
concludes that
asbestos is

carcinogenic’®?

UK Control of
Asbestos at Work
Regulations
introduce
statutory control
procedures'™*

Familial
mesothelioma risk is
postulated from
Turkish studies of
environmental

erionite exposure!*®

MAPS phase Il
trial confirms
benefit from
addition of
bevacizumab to
pemetrexed and

IARC Working Group
classifies asbestos
into IARC Group 1,
carcinogenic to
humans!®

UK Control of
Asbestos Regulations
Act prohibits the use,
supply and
importation of all
asbestos'”’

cisplatin®
I

BAP1 loss of function results in
EZH2-dependent
transformation. Phase Il EZH2
inhibitor trial opens to test this
hypothesis in 2016 (REF. 79)
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The PD1 inhibitor pembrolizumab appears to be well
tolerated and might confer anti-tumour activity in patients
with PDL1-positive malignant pleural mesothelioma

157

Yap TA et al, Nat Rev 2017
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Studies in MPM

* Sequencing studies
— Genome/Exome
* Bueno R et al. PLoS ONE 5 (2010) (1 MPM case)
* Guo et al. Cancer Res (2015) (22 MPM cases)
* De Rienzo et al. Cancer Res. (2015) (10 MPM cases)
— Target regions/candidate genes
* Bott et al. Nature Genetics, 2011 (53 MPM cases)
* Lo lacono M. et al., J Thorac Oncol 2015 (123 MPM cases)
* Kato et al, Molecular Cancer Therapeutics 2016 (42 MPM cases)
* Integrative analysis — genetic/transcriptional
* de Reyniés et al. Clin Cancer Res (2014) (38 MPM cases)
* Bueno et al. Nature Genetics (2016) (216 MPM cases)
* Hmeljak et al, Cancer Discovery 2018 (74 MPM cases)
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Lo lacono et al, J Thor Onc 2015



UNIVERSITA
DI PARMA

8

mSyn.
m Nonsyn.

# of Mutations/Mb

O O = -
o u o ©n
R -

6 4 2 0
# of Mutations

@ Double_null

o Indel+null

o A->mut

=] C->§G/A)
*Cp(A/CIT)->T
BCpG->T

8
2

3

g
2

MPM genome results

@ Syn

o hzsense
& Splice site
| Nonsense

~ 40
~20

Sample index

@ Frame shift
O In frame indel

@ Other nonsyn.

FETTTILT]
05 20 35
~log10(Q value)

:E SERVIZIO SANITARIO REGIONALE
?: EMILIA-ROMAGNA
111t Azienda Ospedaliero - Universitaria di Parma

22 MPM samples;
Whole-exome sequencing:
517 somatic mutations
across 490 mutated genes;
No specific mutation in a
single driver gene;
accumulation of several
non-driver mutations;
Frequent alterations in
BAP1, NF2, CUL1, CDKN2A

Guo G et al. Cancer Res 2015
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10% 0% 30% 40% 50% 60% 0%

* |In both studies, the biopsies from patients '
previously treated with CT; therefore, the CT ma -

have contributed to some of the mutations

 Both studies detected frequent somatic
nonsynonymous BAP1 mutations in 41% and 58%

PPPPP

* Both studies report frequent mutations of NF2

* These two NGS analyses reveal that inactivating
mutations occur randomly and are rarely shared
among MM biopsies, with the exception of BAP1 “
and to a lesser extent NF2, CDKN2A and possibly
CuLl

Mutation Amplification M Lloss M Fusion/Rearran gement B Multiple alterations

Carbone et al, JTO 2017 Kato et al, Molecular Cancer Therapeutics 2016
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Analyzed
transcriptomes (n
=211), whole
exomes (n =99)
and targeted
exomes (n = 103)
from 216 MPM

 BAP1, NF2, TP53, SETD2, DDX3X, ULK2, RYR2, CFAP45, SETDB1 and DDX51 were the
most mutated genes

* Multiple molecular mechanisms lead to activation or inactivation of genes (SNV, CNV,
fusion)

Bueno et al. Nat Genetics 2016
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Using RNA-seq data identified four distinct molecular
subtypes: sarcomatoid, epithelioid, biphasic-epithelioid
(biphasic-E) and biphasic-sarcomatoid (biphasic-S)
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Integrated molecular analyses
in 216 MPM

— Epithelioid {n - 53)
— Other (n - 88)
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TP53 mutations were absent in the epithelioid subtype;
mutually exclusive genetic alterations between
epithelioid and sarcomatoid subtypes

Bueno et al. Nat Genetics 2016
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Bueno et al. Nat Genetics 2016
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Integrative Molecular Characterization of

Malignant Pleural Mesothelioma ¢4

SIGNIFICANCE: Through a comprehensive integrated genomic study of 74 MPMs, we provide a deeper
understanding of histology-independent determinants of aggressive behavior, define a novel genomic sub-
typewith TP53 and SETDB1 mutations and extensive loss of heterozygosity, and discovered strong expres-
sion of the immune-checkpoint gene VISTA in epithelioid MPM. Cancer Discov; 8(12); 1548-65. ©@2018 AACR.
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Hmeljak et al, Cancer Discovery 2018



SERVIZIO SANITARIO REGIONALE
EMILIA-ROMAGNA
Azienda Ospedaliero - Universitaria di Parma

W Genetic alterations in MPM
and TMB

Mesothelioma mutation
Table 1. Landscape of somatic mut‘:‘t:r:axln the exom::r:tfuzz MPMs — I — r‘ate se e m S i n th e IOW ra n ge
Codin

Tumor bases bases exome exome Callable Callable Point rate
Case ID ed ed < g [< g iti (%) i indels (per Mb,
NYU269 355 x 10° 314 x 10° 107.3 95 294 x 107 889 2 1 0.1
NYU274 294 x 10° 332x10° 888 100.3 292 x 107 883 31 1 1.08
NYU321 358 x 10° 3.05 x 10° 108.2 922 294 x 107 89 30 2 107 . . . .
NYU460 369 x 107 4.23 x 10° ms 127.8 295 x 107 893 22 1 0.77 o ()
NYUS17 312 x 10° 410 x 107 942 124 293 x 107 886 29 3 1.08 & 100 -L :
NYUS87 382 x 10° 3.78 x 10° 157 143 297 x 107 899 23 1 0.79 ﬁ | ;
NYU589 376 x 10° 397 x 10° n3.7 120 297 x 107 897 0 2 0.07 1,000 ,
NYU647 310 x 10° 330 x 10° 938 998 294 x 107 889 30 0 1 -E?
NYU658 3.03 x 10° 333 x10° 918 100.6 294 x 107 89 28 2 1 T 10
NYU695 360 x 10° 3.9 x 10° 108.9 935 292 x 107 883 2 3 051 ig T
NYU754 364 x 10° 420 x 10° 10 1271 294 x 107 89 26 2 0.94 If |+ '
NYU872 376 x 10° 3.64 x 10° n37 109.9 294 x 107 89 46 5 17 % 0 ! .
NYU929 339 x 10° 3.67 x 10° 102.6 m 296 x 10° 89.4 22 1 0.77 £ . 0] ' ! ! == '
NYU937 341 x 10° 3.28 x 10° 1031 99 294 x 107 89 39 2 137
NYU939 3.01 x 10° 3.99 x 10° 9l 1205 292 x 10° 883 24 3 0.91 z LML THCA § MESO § BRCA  GBM OV KRG  UCEC COADREAD STAD  LUAD BLCA  SCLC  LUSC
NYUTI62 31 % 10° 3.42 x 10° 941 103.4 292 x 107 88.4 24 2 0.88 LER O U N A LI L AR LR R
NYUTI89 346 x 10° 334 x 10° 104.7 101 293 x 107 88.4 9 1 0.34
NYU1245 3.05 x 10° 435 x 10° 922 1316 292 x 107 882 15 0 0.5
NYU1283 397 x 10° 330 x 10° 19.9 99.7 296 x 107 896 27 4 103
NYU1353 3.08 x 10° 3.68 x 10° 932 m2 291 x 107 88 n 1 0.41
NYU1363 337 x 10° 3.00 x 10° 1018 90.8 293 x 107 885 27 1 0.95
NYU1396 415 x 10° 41 x 107 125.4 1242 297 x 107 89.7 2 0 0.07
NOTE: The mutation rate was calculated by dividing the total number of somatic mutations by the total number of callable nucleotide positions (21‘* in tumor ay

>8x in matched normal samples).

Low mutation rate (range 0.07 -1.08 mutations per Mb)

Guo G et al. Cancer Res 2015 Bueno et al. Nat Genetics 2016
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and potential therapeutic targets

PARP
inhibitors

CDK4/6
inhibitors

g Nucleus Cell proliferation

Cell growth PI3K/AKT
and proliferation Pathwa 1\

£ Cytoplasm

'| transformat H3K27 tri-
and wavfer,ﬁ?n'{_mman* EZH2 |~ BAP1

Nucleus

f Tazemetostat

Malignant

Ol bl imanto Reu::blasloma ! pigia

pl4me
Nucleus =

= MDM2

Cell survival =——  p53

No specific mutation in a single
driver gene; accumulation of
several non-driver mutations
(long latency phase);

Frequent alterations in BAP1,
NF2, CDKN2A

Most genetic alterations are loss
of function of tumor suppressor
genes, rather than activation of
proto-oncogenes (like lung
cancer)

Therefore we must identify
surrogate targets whose activity
is increased and necessary to cell
survival as a consequence of
these mutations

McCambridge et al, JTO 2018
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* Introduction and comprehensive molecular studies in MPM
 BRCA1l-associated protein 1 (BAP1)
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BAP1 encode for a deubiquitylase that
modulates the activity of multiple Mitochondria
genes and proteins controlling DNA

replication, DNA repair and cell death

® 4.7( . *e ...T.'.-- s
cary, - JATP ‘1ca?y;|APoRTOBIS
I LepelA et e

After DNA damage, BAP1 regulates

both DNA repair by interacting with [c] =
DNA-repair mechanisms, and apoptosis S —
by modulating the stability of the IP3R3 .

Ca%*-channel.

Carbone M et al, Cancer J Clin, 2019



UNIVERSITA
DI PARMA

Approximately 65% of mesotheliomas
harbour inactivation of the tumour
suppressor BAP1

Although rare (< 5%), germline mutation
of BAP1 confers a higher risk of
mesothelioma

BAP1 functions as a deubiquitinase
(DUB), is encoded at the 3p21.1 locus and
exhibits both somatic mutations and copy
number losses in mesothelioma

BAP1 mutations correlate with a better
Prognosis
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BRCA1l-associated protein 1 (BAP1

BAP1 gene alterations and protein loss
100% concurrence between
molecular alterations and absence of
BAP1 nuclear staining

BAP1 nuclear loss (with or without
cytoplasmic stain) indicates mutated
gene

BAP1: NGS vs IHC data

Lo lacono M. et al, JTO 2015
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BAP1 downregulation in MPM cell lines increases the sensitivity for HDAC inhibitors
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BRCA1l-associated protein 1 (BAP1

VANTAGE 014 study (Vorinostat in Patients With Advanced Malignant Pleural Mesothelioma who have
progressed on Previous Chemotherapy phase 3 trial including 661 patients: vorinostat did not
improve OS in an unselected group of patients compared with placebo.

PARP
inhibitors

2
J
Nucleus Cel prokferation # Defactinib

andsuvival  €|_YAP

Cel growth ( POKAKT \ HippoPathvay || _FAK
and proliferation Pathwa
Cytoplasm \ PTEN \lerhj "

Nucleus

f Tazemetostat

Malignant l

transformat H3K27 tri-
and prohleraﬁHM!ﬂm_"J ERR B

| Retinoblastoma
pathway

Cell cycle progression = plohta

Nucleus
Cel survival =——  p53 Ml MDM2

4

EZH2 (enhancer of zeste-homolog
2) is an histone methyltransferase.
In BAP-1 mutant MPM cell lines,
EZH2 inhibition reduced tumor
cell growth

BAP1 modulates double-strand
DNA damage repair and cells with
BAP1 mutations are more
sensitive to the PARP inhibitor
olaparib
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Loss of BAP1 function leads

DI PARMA
to EZH2-dependent transformation
Recurrent/progressive meso
Mesothelioma cells that lack BAP1 (H226 and H2452, that have BAP1 *12 patients irrespective of BAP1 status
mutations) are sensitive to EZH2 inhibition *55 with BAP1 deficlent tumors
g i Veh EPZ e ven £pZ Tazemetostat 800 mg po BID
iy T B s *] v I oo Epizyme EZH2 inhibitor
Gl ERe pt] e 1R ] (Eplzy )
BAP1 3171 _p 31 S\L.\l o .
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g’ozousags B iokemes EPZ011989 I - H3K27me3
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S SO M0 e ke o

EZH2 inhibition may present a novel strategy for the treatment of patients
with BAP1-loss mesotheliomas.

Weeks since Treatment inistion

La Fave LM et al, Nat Med. 2015
Zauderer ASCO Annual Meeting 2018; NCT02860286
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BAP1, a member of the BRCA complex,
plays a role in homologous recombination
DNA double-strand break repair

Similar to BRCA1/2 deficient cancers,
BAP1 mutation leads to a deficient HR
pathway, increasing the reliance on other
DNA repair pathways for survival during
replication

All MPM cell lines examined, regardless of
BAP1 status, were addicted to PARP1-
mediated DNA repair for survival

The requirement of MPM cells for PARP1
suggests that they may generally arise
from defects in HR DNA repair

Colonies

Colonies

et
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PARP inhibition is lethal in both BAP1
mutant

and wild-type mesothelioma

H2452 H-Meso01A H-Meso01A

BAP1 mutant

500 100 800

400

600
300

400
200
*kkE 100 FTTT ]
100 *okkok 200
-_ T
0 ] x

DMSO Niraparib DMSO Niraparib DMSO Olaparit

CRL-2081 CRL-2081

250 400

200 300

150
F*kkk 200

100
= 100 Hkk

BAP1 wild-type

DMSO Olaparib DMSO Niraparib

Studies with Niraparinb and Olaparib
currently ongoing

in ke |
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Rucaparib in patients with BAP1-deficient or BRCA1-
deficient mesothelioma (MiST1): an open-label, single-arm,
phase 2a clinical trial

Dean A Fenndl, Amy King®, Seid Mohammed®, Amy Branson, Cassandra Brookes, Liz Darlison, Alan G Dawson, Aarti Gaba, Margaret Hutka,
Bruno Morgan, Adrian Nicholson, Cathy Richards, PeterWells-Jordan, Gavin James Murphy, Anne T homas, on behalf of the MiST1 study groupt
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Lancet Oncology 2021

Disease control rate at 12 ] e

B+

weeks was 58% (95% Cl 37— ]

77; 15 of 26 patients), and at A

24 weeks was 23% (9-44; six ) == |

[T T ————Y

2 [ |
504

of 26 patients) 4

JH

Rucaparib in patients with

BAP1-negative or BRCAl-negative
mesothelioma met the prespecified
criteria for success, showing promising
activity with manageable toxicity

at baseline jA) and ak 18weeks showing a partial response (B}
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Titolo dello studio Studio prospettico, multicentrico, di fase |l, a braccio singolo,

sulla combinazione Niraparib + Dostarlimab in pazienti con
carcinoma polmonare non a piccole cellule avanzato e/o
mesotelioma pleurico maligno, positivo per espressione di PD-L1
e mutazioni germinali o somatiche nei geni homologous
recombination repair (HRR).

Fase dello studio Fase Il non randomizzato

Indicazioni cliniche Terapia di seconda linea o successive in pazienti in progressione di
malattia dopo almeno una precedente linea di terapia sistemica

Tipo di studio Terapeutico, farmacologico

Sponsor Universita degli Studi di Torino

Coordinatore Prof. Giorgio Vittorio Scagliotti — Dipartimento di Oncologia, Universita
di Torino

Farmaci Niraparib + Dostarlimab

Via di somministrazione | Orale (Niraparib); endovenosa (Dostarlimab)

del farmaco

Studio in cieco No

Gruppi di trattamento Cohorte A: NSCLC avanzato con mutazioni germinali e/o somatiche
nei geni HRR ed espressione del PD-L1 = 1%

Cohorte B: Mesotelioma avanzato con mutazioni germinali ef/o
somatiche nei geni HRR ed espressione del PD-L1 2= 1%

Obiettivi Primario: Sopravvivenza libera da progressione

Secondari: Tasso di risposte obiettive; durata delle risposte obiettive;
tasso di controllo di malattia; sopravvivenza globale; tollerabilita.

Numero di soggetti Cohorte A: 35 pazienti
inclusi Cohorte B: 35 pazienti
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* Introduction and comprehensive molecular studies in MPM
 BRCA1l-associated protein 1 (BAP1)
* Neurofibromatosis type 2 (NF2)
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== Neurofibromatosis type 2 (NF2

 Located on chromosome 22g12; encoding for the
Merlin tumor suppressor protein

* Loss of function occurs in 40% to 50% of pts with

mesothelioma

e ActsasaTSG inthe NF2 associated tumors and
merlin mutants promote tumorigenesis

* |Interacts with several transmembrane and

intracellular proteins

* Regulates cell motility, invasion and several RTKs

* Functions upstream of the Hippo signaling pathway
that controls cell proliferation and survival and
exerts merlin‘s inibitory effect on cancer growth &

progression

Plasma
membrane

' ECM (laminin) A ) ErbB2/ErbB3
Ligand PDGFR

RTK' " N.cadherin

A

< EGFR
CD44 ‘. 81 Integrin  CD44 RTK HGFR
Sos Paxillin LA o &
@2 Ras e .[ !Acatenin " Ract
kGTP \ >SRC x GTP/ PKA
¥ ¥\

i Nuclear
R;f FAK  translocation
MEK “active’ \"\
lf @
i PAK “inactive”
:
v ,(UMK CPI-17
Proliferation roran 17
Cofilin= P-Cofilin
DA 5
717-' e %M Actin
i1 Stabilization
t cyclin-D1 i ?'"
Proliferation Actin Dynamics/Migration

Receptor Recycling/Proliferation
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Preclinical data indicate NF2-loss results in
increased invasion and increased Focal
adhesion kinase (FAK) expression

FAK is a non-receptor tyrosine kinase that
mediates growth-factor and adhesion-
dependent signaling.

Neurofibromatosis type 2 (NF2)“
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2l e MSTO-21H] L., VS FAK Inhibitor Blocks Growth of
- NCI-H28 ad 2 s -
3 = Merlin-Negative Mesothelioma Tumors
= 100 = H2052
§ = e 22 | |} Control 25 mg/kg. BID mg D
¥ Sl . MMB7 b
£ = ' ® MWB90
1 »
& 1
001 oot o4 1 % 100
VS FAK Inhibitor, uM xg MMS7 NF2 null intraperitoneal tumors
Meriin —>V-~ — g e .
:
ACHN —> | — — — w——— g -
-
g R -
A X B i - — 25 mo/kg mg/k mg
=3

TTMGCPR Arginine deiminase
/ inhibitors

Arglnm:{—o Citrulline
6 U ti , [} FAK i
TTMGCPR [ | Inhibitors
FAK

Y

stabilizatiol
Dual
inhibitors

Microtubule
j miRNA stabilizing agents
o

Calretinin silencing «

miR
dlivery

|mnvua CRL/DCAF
D ooh

surnan.

Shapiro et al., Science Transl Med 2014

Thurneysen C, et al. Lung Cancer. 2009

Bianchi AB, et al. Proc Natl Acad Sci U S A. 1995
Sekido Y, et al. Cancer Res. 1995

Fleury-Feith J, et al. Oncogene. 2003

Poulikakos PI, et al. Oncogene. 2006.
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Defactinib: COMMAND trial

VS-6063 Phase 2 Maintenance Study in Malignant Pleural Mesothelioma

CT scan & treatment start CT scan

2 <1 8 weeks

Stop on PD as defined by modified
RECIST or Physicians Assessment

Primary Endpoint: PFS
Approx. 370 pts included

tratification on Merlin at randomization

Plannaed treatment arm

1.0 4
Defactinib In =173)
—— Placabo In=171)
0.8 |
=
= 064
£
@
=1
2 04
(=9
w
o 0.2 ———
T T T T T T T T
0 100 200 300 400 500 600 700 800
Time (days)
Mo. at risk:
Defactinib 173 50 16 5 2 1 0 1] 0
Placabo 171 56 al 4 3 2 2 1] []

*  NCT02004028: Neoadjuvant study with Defactinib in subjects with MPM
eligible for surgery. Pre- and post-treatment biopsies and blood samples

were collected with the purpose to assess biomarker responses from
tumor tissue. Termined in June 2019.

* NCT02758587: A Phase I/11A Study to Assess Safety, Tolerability and
Preliminary Activity of the Combination of FAK (Defactinib) and PD-1

(Pembrolizumab) Inhibition in Patients With Advanced Solid Malignancies

(FAK-PD1). Recruiting, end in 2021.

Planned treatment arm

1.0 4
= Dafactinib {n =173)
—— Placebo (n =171)
0.8
£ 061
=
3
S 0.4
=
o
o 0.2
T T T T T T T
0 100 200 300 400 500 600 700 800
Time (days)
No. at risk
Defactinib 173 133 a8 a2 21 10 4 1] 0
Placabo 171 121 a2 36 24 16 5 1 0

Fennel et al., J Clin Oncol 2019
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NF2 and Hippo Pathway
* Merlin loss drives tumorigenesis by Tumour suppressive Oncogenic

inhibiting the Hippo pathway

component Lats resulting in constitutive q i
activation of the YAP1/TAZ (o)

transcriptional coactivators @@ \

* YAP1/TAZ interact with several distinct |

S
transcription factors including TEA _’

domain (TEAD) transcription factors

«a
©
S
S
S
S

 K-975 is a small molecule that inhibits
TEAD and showed a potent inhibitory
effect on the proliferation of MPM cell
lines, with a greater activity on NF2-
non-expressing cells.

Nucleus

Yap TA et al, Nat Rev 2017

Kaneda et al, Am J Cancer Res 2020
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* Introduction and comprehensive molecular studies in MPM
 BRCA1l-associated protein 1 (BAP1)

* Neurofibromatosis type 2 (NF2)

* Cyclin-dependent kinase inhibitor 2A (CDKN2A)
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Mechanisms of CDKN2A/ARF loss

homozygous deletion 50-100%
* The most frequently activated tumor suppressor gene in eplgenetic 19%
inactivation

MPM mutation 7%
L o
— Homozygous deletion in 50% —

— CDKNZ2A loss is associated with shorter survival and 5 Em; 3
non-epithelioid histology r]l r[I—H—H—

CDKN2A encodes INK4A (p16) and ARF (p14) D .

* INKA4A inhibits formation of the complex cyclin D1-CDK4/6 @Dim\ o
by binding to CDK4/6, maintaining Rb in its hypo- 2 ‘/I: \CDIKG\/
phosphorylated active form, with subsequent G1 cell cycle \p?/ /\\RIB
arrest r@u)—* Coxd QEZIFS)

* Deletion of the CDKN2A/ARF locus facilitates cell cycle Cell cycle Phase S
progression, escape from apoptosis and immortalization blockade DNA _ genes

repair induction

Modified from Sharpless NE, Nature Reviews Cancer 2015



UNIVERSITA
DI PARMA

ARF INK4A
(CDKN2A) (CDKN2A)

EX1B EX1a. E2 E3

4@ -

CDKN2A

MPM cell lines harbouring CDKN2A/ARF loss were sensitive to CDK4/6 inhibitors
palbociclib and abemaciclib

. SERVIZIO SANITARIO REGIONALE
* EMILIA-ROMAGNA
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Mechanisms of CDKN2A/ARF loss

homozygous 50-100%
deletion

epigenetic 19%
inactivation

mutation 7%

Histological cdkn2a bapl nf2 1€y (uM)
subtypes farf Palb Abe
MSTO-211H  biphasic del wt nd 03 0.13
epithelioid del mut wt 0.7 1
epithelioid del mut wt 03 1
sarcomatoid del wt mut 1.2 0.5
biphasic del nd nd 0.1 0.5

.L :E K
(MDM2) CDK4or) + s
@ong) Ccoks) {F—— CDK4/6 Inhibitors
N L Palbociclib

\p%'s‘ 2 F}B Ribociclib

o Y Abemaciclib

@D-ELY E

!
-ell cycle blockade DNA Phase S genes
. - repair induction Modified from Sharpless NE, Nature Reviews Cancer 2015

% SA-Bgal positive cells

o

CDK4/6 inhibitors induced cell cycle blockade and cellular senescence in MPM cell

MSTO-211H

c 01 05 Palb,uMm
e - pcDke
T LLEZ
T TN
.- myc

. —=ap@P p-AKT(thr389)

= p-AKT(sera73) 4um

- AKT
f o 0500 ¢m
S s e p70S6K

- CDK4/6 inhibitors affected
the activation of
PI3K/AKT/mTOR pathway
Zhang J et al., Molecular Cell, 2016

o - CycD1

—— e actin
Bonelli MA et al, Neoplasia, 2017
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Abemaciclib in patients with p16ink4A-deficient
mesothelioma (MiST2): a single-arm, open-label, phase 2 trial
Dean A Fennel, Amy King, Seid Mohammed, Alastair Greystoke, Sarah Anthony, Charlotte Poile, Nada Nusrat, Molly Scotland, Vina Bhundia,

Amy Branson, Cassandra Brookes, Liz Darison, Alan G Dawson, Aarti Gaba, Margaret Hutka, Bruno Morgan, Amrita Bajaj, Cathy Richards,
PeterWells-Jordan, Anne Thomas, on behalf of the MiST2 study group

Disease control at 12
weeks was reported in
14 (54%) of 26 patients
(95% Cl 36-71).

This study met its primary endpoint, showing
promising clinical activity of abemaciclib in patients
with p16ink4A-negative mesothelioma who were
previously treated with chemotherapy, and warrants
its further investigation in a randomised study as a
targeted stratified therapy.

Abemaciclib
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All patients (n=26)
Partial response 3(12%:3-27)
Stable disease 11 (42%; 26-60)
Progressive disease 2 (B 1-22)
Mot evaluable 6(23% 9-44)

Disease control rate at 12 weeks 14 (54%; 36-71)
Diata are n (%; 95% ).

Table 2: Best responses within 12 weeks

M imum change in turmowr size (%)

(%)

Change inturmour dze

] -8 Partial resporse
| -~ Stable response
—&- Progressive disease

m Completed treatment
4 Off treatment

Treatment duration (weaks)

Lancet Oncology 2022
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* Introduction and comprehensive molecular studies in MPM
 BRCA1l-associated protein 1 (BAP1)

* Neurofibromatosis type 2 (NF2)

* Cyclin-dependent kinase inhibitor 2A (CDKN2A)

e Other potential targets
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Hedgehog signaling

* Hhis involved in cell proliferation, survival, Normally the Hh pathway is inactive in
epithelial-to-mesenchymal transition, adult tissues
stemness and differentiation during
embryonic development.

»  Hh ligands bind to PTCH1 and PTCH2 o 2 g ] e
receptors. If the ligand is absent, PTCH1 or ._| ﬁ 1
PTCH2 binds to the SMO co-receptor, o =
repressing its activity. Consequently, the . —
transcription factors (GLI family) are not <
activated and transcription is stopped. In
contrast, when the ligand binds to the

receptor, the SMO repression is released,
leading to transcriptional activation

Signorelli et al, TLCR 2020
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Hedgehog signaling

Kaplan-Meier survival estimates
1.00+ — Normo survivors
Table 4 Association between mutated genes in at least five patients SMO o
224 05 § 0754 — Long survivors
Gene HR (95% Cl) P £
Any mutation-wild type 1.00 (0.71-1.67) 0.70 % 050
o

BAP1 1.14 (0.57-2.30) 0.73 %
NF2 1.16 (0.66-2.07) 0.60 @ 0.25-
TP53 0.91 (0.54-1.54) 0.36
SMO 4.36 (2.32-8.18) <0.0001 0.00 | | | |
PTCH1 1.16 (0.66-2.07) 0.71 0 ! Time sfm diagnosiss ) 4 5
0OS is expressed as hazard ratio (HR) with 95% confidence Number at risk
interval (Cl). Wild-type patients for the specific gene were used Normo survivars 32 18 B 0 0 0
as reference 1o calculate P values. Longsurivors 24 24 24 24 1 7

SMO mutated 5 2 0 0 0 0

Figure 2 Kaplan-Meier survival estimates. Normo-survivors patients, OS <3 vears, in blue; long survivors patients, OS >3 years, in red;
SMO mutated patients in green.

Signorelli et al, TLCR 2020



: SERVIZIO SANITARIO REGIONALE
. EMILIA-ROMAGNA

::: Azienda Ospedaliero - Universitaria di Parma

UNIVERSITA

Hedgehog signaling

* An aberrant hedgehog signaling is present in PTCH 1 pathOge NIC
MPM, and inhibition of hedgehog signaling .
decreases tumor growth indicating potential m Utat|o N

new therapeutic approach
* This geneisinvolved in the

Hedgehog pathway and is
druggable by vismodegib, already
approved for the treatment of
basal cell carcinoma (BCC)

7 I 120
SD >30% reduction
= SUVmax
—— mRECIST (mm)

T
[+2] -
o (=]

o

mRECIST (mm)

* Despite the patient underwent
| several lines of treatment,
. pe | . vismodegib lead to a very good

T
P
o

T
]
o

] 2 :\“"" N“‘Iz’ !\‘Iz’.\.'é° :\‘; .\‘; ;” !*;’ 5\‘; 5\‘; f\"'; f‘;’ '“q-f; 5‘; xf‘é’ f‘§ i i
AR I NI partial response which lasted for
Timepoint over two years

Popat, ASCO 2021
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Landscape of Microsatellite
Instability Across 39 Cancer Types

>

w
m
1

L]
(3]
I

Percentage of MSI-H Cases

¢ o NN 6 A&
STELESs SEFEEELIELESS

Tumor Type

Bonneville et al, JCO Precision Oncology 2017
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Other targets
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Disease progression

el BAP1 loss

Mesothelin

| ee—— -
overexpression

| eammeeee P13 K—AKT aberration

\ No actionable

aberrations

| el CDKNZA mutation
Tumour . e

EZH2 inhibitor or

PARP inhibitor

CDK4/6 inhibitor or PRMTS5
inhibitor

Mesothelin directed therapy

CI3K-AKT inhibit-.r

N
| NF2 I:nutation or FAK inhibitor or NEDDS8 inhibitor
Merlin loss

Platinum-based chemotherapy
with or without anti-angiogenic

agent (or other immunotherapies
and vaccine therapies)

Monitoring on therapy
* Clinical
» Radiological
- Conventional imaging
- Functional imaging
* Molecular
- Blood
- Pleural fluid
- Tumour biopsy

Yap TA et al, Nat Rev 2017
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 BRCA1l-associated protein 1 (BAP1)

* Neurofibromatosis type 2 (NF2)

* Cyclin-dependent kinase inhibitor 2A (CDKN2A)

e Other potential targets

* Parma pre-clinical experience
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Inhibition of cell proliferation

Inhibition of cell proliferation

(% vs C)

(% vs C)

MSTO-211H

BEZ235

4 Bliss curve

01 1 10 100

BYL719

4 Bliss curve

001 04 1 10
[BYL719], uM

= Palb+ BEZ235

Synergistic/additive

effect

= Palb+BYL719

Anti-proliferative effect of the combined treatment with CDK4/6 and PI3K/mTOR
inhibitors NVP-BEZ235 and NVP-BYL719

E ZS-LP
E e BEZ235
g = Palb+ BEZ235
[
&~ 4 Bliss curve
3060 m ry----1
52 - 3
)

g 3
2 20 ,.I’v
I e =)
£ o : —— - ;
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o
= A Bliss curve
@
3
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o
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2
3
Z
&

0 0.01 0.01 1 10
[BYL719], uM

Anti-proliferative effect and senescence induction were mantained after drug
withdrawal only with the combined tretament with CDK4/6 and PI3K/mTOR

inhibitors

Abs

1.0

0.5+

0.0

to

T T T
one cycle two cycle recovery

C
-= PALB
-+ P+BEZ 50 nM
-+ P+BYL 5 puM

% SA-Rgal positive cells
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o V,,,Q
& &
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g {od
<F <

Bonelli MA et al, Neoplasia 19(8):637-648, 2017
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CDK4/6 inhibitors in association with standard chemoterapy used as first line

UNIVERSITA i
A A treatment for MPM patients
simultaneous treatment Abe + Cis/Pem
72h
sequential treatment “ Cis/Pem
24 h 48 h
sequential combined treatment “ Abe + Cis/Pem
24 h 48 h
MSTO-211H H28 7ZS-LP

5 § s
£ 100 Tt g 100 g
2 I_»— Synergisti 2 = i
S . g0 %7 S 80 1 _I--I o 2 S~ 80 22 S o effect
29 // . c effect 20 Ry g effect 29 | o
o> 604 ,—’} ® > 60 o / 2> 60 1
St fay]
e 0T = ABE+CIS+PEM (exp) e ML CIS+PEM e A0 CIS+PEM
2 -e- ABE+CIStPEM (Bliss) = 204 - ABE:CIStPEM(exp) g T -5 ABE+CIS+PEM (exp)
s CIS+PEM s -l -#- ABE+CIS+PEM (Bliss) o -¢- ABE+CIS+PEM (Bliss)
= I = i = .
< 0. T T ] < 0- T T n = 0 T T ]
0 0.1 1 10 [CIS], uM 0 0.1 1 10 [CIS] uM 0 01 1 10 [CIS] uM
0 1 10 100 [PEM], nM 0 10 100 1000 [PEM], nM 0 10 100 1000 [PEM], nM

Unpublished data
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Loss of CDKN2A/ARF is a common alteration in MPM

The CDK4/6 inhibitors induced cell growth arrest in sensitive MPM cells
The sequential combined association of palbociclib with PI3K/mTOR
inhibitors showed a synergistic interaction on the inhibition of cell growth
and had an irreversible effect on the inhibition of cell proliferation and the
induction of senescence.

The combination of palbociclib and PI3K/mTOR inhibitors affected cell
metabolism, by reducing GLUT-1 expression and glucose uptake

The combined treatment of abemaciclib with cisplatin and pemetrexed
shows an additive/synergistic inhibiton of cell proliferation in MPM cell
lines

In addition, the association of abemaciclib and chemotherapy induces
senescence or autophagy, depending on MPM cells.
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Genetic alterations were identified in several tumor
suppressor genes (TSG), but not in oncogene drivers.

Mutations in BAP1, CDKN2A, and NF2 have been reported in a
high percentage of MPM and TP53 has been found mutated at
a lower rate in comparison with other human cancers

The biological diversity of MPM is also suggested by the
difficulty to define single specific biomarkers

Interesting results with PARP-inhibitors and CDK4/6 inhibitors
Potential future with molecular screening also in MPM



esothel oma tratified herapy ( ) study design

Trials.gov ID NCT03654833
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* Fennell et al, Lancet Resp Med 2021
** Fennell et al, Journal of Clinical Oncology 39, no. 15_suppl (May 20, 2021) 8558-8558 (ASCO)
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