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PANCREATIC
CANCER

| have looked in the mirror every morning and asked myself: ‘If
today were the last day of my life, would | want to do what | am
about to do today?’ And whenever the answer has been ‘No’ for

too many days in a row, | know | need to change something.”
Steve Jobs



Pancreatic Cancer Etiology

{ Poor progn05|s 4th leading cause cancer death’
Most die within 5-12 months of the initial dlagn05|s ~ ‘ Increases with age ]

‘ 5-year survival rate is < 5% Peak 65 and 80 years of age ‘

’ Etlology

> 50% tumors occur in the head of the pancreas [

‘ Cause unknown \
[Afncan Americans > than Caucasians }// \ Tumors in the body or tail remain silent until growth is advanced '

Most metastasized at the time of diagnosis ’

Rtsk factors
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Environmental Cancer Risk Factors In
pancreatic cancer

Inacevicy

How many cancers
can be prevented?

Scale -
2O cance=s

Preventable
canc

ncars

Infections

C Ococupadon

T All cancers
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Genetic risk factors in
pancreatic cancer

Imherited svyvmdron e Cuamulative
risk of P

Peutz-Jeghers syndrome[27] 11%-35%0
Hereditaryw pancreatitas[28-31 ] 40%%-55%0

Familial atvpical multiple mole 1720
melanomal[32_.33]

Hereditary breast-ovanan cancer 2% T%0 BROCAT A BROCAZ
syndrome[34-37_73]

Laynch syndrome[38_397]

Familial adenomatous

polyposis[40]

PC: Pancreatic cancer.
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r biology of PDAC —

il

KRAS activation ~90%

CDKNZ2A inactivation ~50%

TP53 inactivation ~50-75%
SMAD4 inactivation ~55%

eplthqo'r;;z'm — --b PanIN-1B |~> --b PaniN-3

Normal | PanIN-1A ; PanIN-1B ; PanIN-2 ; PanIN-3

.- I
Her-2/neu, K-ras pleé pb3, DPC4, BRCA2




KRAS limits to use of targeted therapies
In the clinic

EGF
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Pancreatic cancer treatment

n

Poor Reduced Good
performance status performance status performance status

High pressure
for rapid remission
KPS 90-100%
Bilirubin = 2 ULN

FOLFIRINOX

*Similar criteria according to the ASCO, ESMO and NCCN guidelines

= VISION
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PDAC Histological subtypes

(@]

Moffitt tumor class g
Moffitt stromal class -ll-l l l l. I..l l-l'l l fl 1 , e P=0.0302
Collisson class - - Median survival 30.0 vs.
b —e-23.7 vs. 25.6 vs. 13.3 months
L' n=93

Pancreatic progenitor

Cumulative survival

Basal-like

B Classical
Activated stroma
Normal stroma

B Quasi-mesenchymal
B Exocrine-like
B Classical

w ! p. ‘/"‘ %
'.‘ | I ’ ’ o
-‘L“ £ u_'!:-s' 4
Adenosquamous Acinar cell IPMN-associated PDAC
carcinoma carcinoma Colloid PDAC
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GENETICS

It would be wonderful to think that the future is unknown and sort
of surprising.
Alan Rickman



The genetic basis of familial
pancreatic cancer (FPC)

M CANCER NCT

Doctor-Appeoved Patient Information from ASCO*
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Familial Pancreatic Cancer
Approved by the Cancer.Net Editorial Board, 012020

What is Familial Pancreatic Cancer?

F amisl pancreadc cancor (FPC) 5 a torm (o desorbe Tamibes with a fugh rato of pancreatic cancer

The pancreas = a pear-shaped giand found n the abdomen Detweon the slomach and spino. The gland makes onzymes hat
holp the body digest food I a0 makes hormones, such as msuln, that heip control blood suger Ductsl adenocaranoma of the
pancroas « the most common type of pancreatic Cancer It starts when healfy calls nng the pancreadc ducts change and grow
out of control. forming & tumor

Famides are corsdered 10 have FPC f there are of loas! 2 meerbers of B famdy with pancrestic cancer who are first degree
refatves, Such &3 o parert. chid, o sRANGS of cne anothioe, of if Thero are ot leas! 3 mambers of the famady who Bave pancresic
cancor. Mealthry indnviduals whio come from & farrsly with FPC are Mooty 10 have an ncroased nsk of developng pancreabc
cancer i e Metme

What causes FPC?

Rave caused e pancreadic cancers N thew famidy A germiine mutaton 5 a genebc mutabon found n every ool of & porson's
body from beth. Some genes inked %0 FPC famibes nciude BRCAT, BRCAZ PALEBZ COKNZA, and AT, and the genes knkod
1o Lynch syndeome (MLMT AMSH2 MSHE, PLS2. and EPCAL). Gormine masabons i genos that cause other rare mherted
cancer syndiomes. { TRPS3 mutabons = Li-Fraumeni syndrome and STX T mutatons for Poutz-Joghers syndiome ) can aiso
INcrease B rek of pancreatc cancer. Indaduals who cany g 5 e QONOS are ol an Ncreased resk

= - >

gonetc Msing shoukd be discussed carefully with a modcal professonal with exporise n thes atoa
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Knudsons’'s 2 hit Hypothesis

Most tumor suppressor genes require both alleles to
be inactivated (mutations or epigenetic silencing), to
result in tumor formation

L Mechanisms of 2" loss
omatic i

mdtation - Point Deletion
Hereditary - line mutation (LOH) Methylation

Somatic Somatic
mutation mutation pAd | A CH 3
Non-hereditary » »

. ?L%ﬁt)ion of normal chromosome material = loss of heterozygosity

- Ivlllutlated allele no longer opposed by a normally functioning
allele
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Cancer RiIsk Variants

BRCA1 PALB2 CHEK?2
BRCAZ2 ATM

Highly
unusual for
common
diseases

Mendelian
Disease

Intermediate

Most
variants
identified by
GWA studies

Hard to
identify
genetically

Very rare Uncommon
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Low frequency/high penetrance variants

Mismatch repair genes

Familial disorder

Recurrent acute
pancreatitis (autosomal
dominant)>’

Hereditary pancreatits
(autosomal recessive)’*

FAMMM syndrome

(autosomal dominant)>*
Peutz—Jeghers (autosomal
dominant)
Ataxia-telangiectasia

80% risk of breast cancer

80% risk of breast cancer

80% risk of breast cancer

Chronic pancreatits and
thus increased risk of

Chronic pancreatits and
thus increased risk of
pC33

20% increased risk of PC
by age 75°*

26% increased risk of
Pc35

Linked to increased risk
of PC3®

No association®>” and RR
2.3 for development of
PC.*® Differing reports
3.5-fold increased risk of
Pc39

Mutation seen in 1—3%
of families with
hereditary PC*°

Fourfold increased risk off
PC41

3.7% risk of PC*'

FAMMM, familial atypical mole and multiple melanoma; FAP, familial adenomatous
polyposis; HNPCC, hereditary non-polyposis colorectal cancer; PC, pancreatic cancer;

RR, relative risk.
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High frequency/low penetrance variants

Table 2 Genetic susceptibility loci for pancreatic cancer identified in European populations

Chr'

Nearest Gene(s)

Top SNP

Minor/major alleles

Consequence type

Allelic OR (95% CiI)

P

1932.1
1932.1
2p13.3
3929
59015.33
5p15.33
5p15.33
7p13
7932.3
8g24.21
9g34
13g12.2
13g22.1
16923.1

17925.1

22g12.1

NR5A2
NR5A2
ETAAT1
TP63
TERT, CLPTM1L
TERT, CLPTM1L
TERT, CLPTM1L
SUGCT
LINC-PINT
mMYC
ABO
PDX1
None

BCAR1, CTRBI1,
CTRB2

LINCO0673

ZNRF3

rs3790844
rs2816938
rs1486134
rs9854771
rs401681
rs2736098
rs35226131
rs17688601
rs6971499
rs10094872
rs505922
rs9581943
rs9543325
rs7190458

rs11655237

rs16986825

T/C
A/T
G/T
A/G
C/T

A/G

T/C

T/C

Intron
Upstream
Downstream
Intron
Intron
Synonymous
Upstream
Intron
Intron
Intron
Intron
Upstream
Intergenic

Synonymous

Non-coding

transcript exon

Intron

0.77 (0.71-0.84)
1.20 (1.15-1.25)
1.14 (1.09-1.19)
0.89 (0.85-0.93)
1:49 (1.11-1:27)
0.80 (0.76-0.85)
0.71 (0.63-0.80)
0.88 (0.84-0.92)
0.79 (0.74-0.84)
1.15 (1.10-1.20)
1.20 (1.12-1.28)
1.15 (1.10-1.20)
1.26 (1.18-1.35)
1.46 (1.30-1.65)

1.26 (1.19-1.34)

1.18 (1.12-1.25)

2.45x107"°
4.88x107"°
3.36x107°
2.35x10°°
3.66x107"
9.78x107"*
1.70x107°
1.41x107°
2.98x107"?
3.22x107°
5.37x10°°
2.35x10°°
3.27x107""
1.13x107"°

1.42x10™"*

1.18x10°°

T, Chromosomal location in NCBI genome build 37. SNP, single nucleotide polymorphisms; OR, odds ratio; Cl, confidence interval.
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Potential Personalized Therapy Base
Upon Germline Mutations

Table 2 Potential Personalized Therapy Based Upon Germline Mutations

Homologous Repair (Germline Mutation in BRCAI, BRCA2, ATM, PALB.

Platinu ased Cohort Characteristics (n) Type of
Study

Gemcitabine plus
cisplatin®

Folfirinox®®

BRCA1/BRCAZ (71 patients)

BRCA/BRCAZ/PALB2/MSH2/FANCF (12 mutation
carriers and 24 without mutation)

Retrospective

Retrospective

Superior OS in PC stage 3/4 treated with
platinum vs those treated with non-platinum
chemotherapies (22 vs 9 months; P=0,039)

Gen mutation is associated with improved
OS: OR, 1.47; 95% Cl, 1.04-2.06; P = 0.04
and HR, 0.37; 95% ClI, 0.15-0.94; P = 0.04

PARP INHIBITORS Cohort characteristics (n) pe of
study

Olaparib®
Olaparib™

Veliparib®'

Veliparib plus gemcitabine
plus n:isplatin7

BRCAI/BRCAZ (23 patients with advanced PC)

BRCAI/BRCAZ (154 patients with metastatic
pancreatic cancer and disease that had not
progressed during first-line platinum-based

chematherapy; 92 received olaparib and 62
placebo)

BRCAI/BRCAZ (16 patients with stage lllIV PC,
previously treated)

BRCA1/BRCAZ (9 locally advanced/metastatic PC)

Phase |l
Phase Il

Phase Il

Tumor response rate: 21.7% (five of 23; 95%
Cl, 75w 43.7)

Stable disease 2 8 weeks: 35% (95% CI, 16.4
to 57.3)

Median PFS: significantly longer in the olaparib
group than in the placebo group (7.4 months
vs 3.8 months)

HR for disease progression or death, 0.53;
95% Cl, 0.35 to 0.82; P =0.004)

No confirmed partial responses.
Median PFS:1.7 menths (95% CI 1.57-1.83)
Median OS: 3.1 months (95% CI 1.9-4.1)

OOR 77.8%
The median OS: 23.3 months (95% ClI,
3.8-30.2 months)

Phase |l ORR % Cl to 39.6%)

ORR 20%
CR + PR + SD 216 week 30%

Type of
Study

MMR deficiency tumors (8 patients) Phase Il ORR o
CR 25%
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Familial
Pancreatic
Cancer
Registries
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Familial pancreatic cancer
registries worldwide

Matsubayashi H et al . Familial pancreatic cancer. World J Gastroenterol 2017 February 14; 23(6): 935-948
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ldentification of FPC In the clinic

r Diagnosis algorithm of hereditary/familial PC l

Conventional approach New diagnostic proposal

W b

Genetic counseling, family history assessment Consider germline genetic testing? in all PC
Or at least in:

. 4 1) Early onset PC (<50 years old) or,
Criteria of PC hereditary syndromes??! 2) If family meet criteria of FPC

.l
W
Criteria of FPC?3 Genetic germline testing

¥
% ? Pathogenic germline mutation

Sporadic PC
Mo further Cunslder PC
evaluation screening in

needed relatives

PC-Hereditary syndrome

Consider PC screening in relatives

PANGENFAM
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Inclusion criteria of high-risk _  %gf

families |

02 Individuals with = 2 affected FDRs with PC, with = 1 affected FDR, reaching a certain age

03 Individuals with 2 2 affected relatives with PC, with 2 1 affected FDR

04 Peutz-Jeghers syndrome patients, regardless of family history of PC

s
06 BRCA2 mutation carriers with one affected FDR

07 BRCA2 mutation carriers with two affected family member pf PC

09 Mismatch repair gene mutation carrier (lynch syndrome) with one affected FDR

Matsubayashi H et al . Familial pancreatic cancer. World J Gastroenterol 2017 February 14; 23(6): 935-948

A K

20



High-Risk Screening: WHO?

PC screening in High-Risk Individuals

+

¥

Germline mutation carriersin:
STK11/1K81
{Peutz-Jeghers syndrome)

Germline mutation carriersin:
PRSS1/SPINK1
(Hereditary pancreatitis)

Exploration: Endoscopic
ultrasound and/or Magnetic
resonance imaging

Age of onset: 30 yearsold or 10
yearsbefore the youngest PC
case (whathappens first)

' P«mﬁawmd

A 4

Exploration: Endoscopic
ultrasound and/or Magnetic
resonance imaging

Age of onset: 40 yearsold or 10
yearsbefore the youngest PC
case {whathappens first)

a)Germline mutation carriersin ;

BRCA1*
BRCA2
ATM*

PALB2*

MMR (MLH1/MSH2 /MSHGE/PMS2)*
CDKN2A/p16
With family history of PC (at least one
first or second degree relative)

biFamily membersof FPC

l

© - Exploration: Endoscopic
ultrasound and/or Magnetic
resonance imaging

Age of onset: 50 years old or 10
yearsbefore the youngest PC
case {whathappens first)
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SCREENING PROTOCOL

EVERY 12 MONTHS

CA19-9 / Fasting
EUS SCAN MRI SCAN glucose /Glycated

hemoglobin (HbAlc)

Complementary
CT or ERCP or FNA

SPANISH FAMILIAL PANCREATIC
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NON-CONCERNING ABNORMALITIES

NORMAL PANCREAS

MINOR SIGNS OF CHRONIC
PANCREATITIS

CYST WITHOUT WORRISOME
FEATURES

FOLLOW UP 12 MONTHS

SPANISH FAMILIAL PANCREATIC
CANCER REGISTRY

PANGENFAM



CONCERNING ANORMAL

TIES

CT

FNA

IN[ONE
[FUNCTIONI
\[€
NEUROEN
DOCRINE
TUMORS

<10 mm

SOLID
LESION
25mm

CYST
WITH
WORRISO
MES
FEATURES

MPD
D] WAYRIG]\
>6mm
WITHOUT
A MASS

SOLID
LESION
25mm

MPD
SOLID DILATION
LESION >6mm
<5mm WITHOUT
A MASS

FOLLOW UP 12
MONTHS

= VISION

MALIGNANCY?
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SUSPICION OF MALIGNANCY

SURGICAL RESECTION

CYSTIC LESION WITH SOLID LESION
MURAL MODULE > 5 MM
ENHANCED SOLID
COMPONENTS 210 MM
SYMPTOMS: MPD DILATION 210 MM
PANCRETITIS, PAIN, JAUNDICE
THICKENED OR ENHANCED CYST POSITIVE FNA

WALLS

ABRUPT MPD CALIBER

MPD 2 10MM

POSITIVE FNA

SPANISH FAMILIAL PANCREATIC
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Outcomes of pancreatic cancer
surveillance of high risk individuals.

Year Country/registry Entry period Subjects conditions Age n  Duration Modality Ratio of surgical  Pathology of the pancreatic lesion: #  Ratio of unresectable
(range), yr (mo)  (surveillance — cases () Benign' Border/CIS* PC advanced PC ()
examination)
Brentnall etal™ 1999 United States NA FPC kindred 41(2865 14 15  EUS,CT—ERCP  50.0% (7) 0 i 0% (0)
Cantoetal™ 2004 United States ~ 1998-2001 FPC kindred, PJS 58(NA) 38 22 EUS—CTEUS-  184%(7) 0% (0)
FNA, ERCP
Cantoetal™ 2006 United States  2001-2004 FPC kindred, PJS 52(3277) 78 12 EUS,CT—EUS- 9.0% (7) 1.3% (1)
FNA, ERCP
Langerefal™ 2009  FaPaCa 1999-2007 FPC kindred, BRCA2 (+)', ~ 60(35-85) 76 NA EUS, MRI — 9.2% (7" 0% (0)
CDKN2A (+) FAMMM family EUS-FNA
Poley et al”™! 2009 Netherlands ~ 2005-2007  FPC kindred, HP, PJS, FAMMM, 50(32-75) 44 Initial’  EUS— CT, MRI 6.8% (3) 0% (0)
BRCA1/2 (+), TP53 (+)
Vernactal™ 2010 United States 20052008  FPCkindred, BRCA1/2 (+),LS, 52(29-77) 51 Initial EUS,MRI—EUS-  98% (5) 20% (1)
FAMMM FNA, ERCP
Ludwigetal™ 2011  United States  2002-2009 FPC kindred, BRCA1/2(+)  54(33-86) 109 Initial ~ MRI— EUS, 5.5% (6) 0% (0)
EUS-FNA
Vasenetal™ 2011  Netherlands  2000-2010 CDKN2A-Leiden (+) 56(39-72) 79 48 MRI 6.3% (5) 0 25% (2)
Zubarik etal™ 2011  United States  2006-2009 FDR of PCwithsCA1997  59(NA) 26 NA  EUS—EUS-ENA  115%(3) 2 0% (0)
Al-Sukhnietal" 2012 Canada 2003-2011  FPCkindred, PJS, HP, CDKN2A 54 (22-89) 262 50  MRI—MRLEUS,  15% (4) 3 0.8% (2)
(+), BRCA1/2 (+), STK11 (+) EUS-FNA, ERCP
Sud et al™ 2014  United States  2008-2011  FPC kindred, HP, CDKN2A (+), 51(20-75) 16 NA  EUS—EUSENA  188%(3) 0% (0)
BRCA1/2 (+), PJS, LS
Del Chiaroetal™ 2015  Sweden 20102013  FPCkindred, individuals with 50 (23-76) 40 13 MRI - EUS, 125% (5) 0% (0)
increased genetic risk EUS-FNA
Vasenetal™ 2016  FaPaCa 20002015 FPCkindred, CDKN2A (#), 4656 411 1653 MRI£EUS—EUS,  7.3% (30) 1.0% (4)
BRCA1/2 (+), PALB2 (+) (25-81) CT — EUS-FNA
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OUTCOMES SURVEILLANCE OF HIGH RISK
INDIVIDUALS. RATIO OF SURGICAL CASES

US 50% US 18,4% US 9% B L US 9,8% US 5,5%

1999 2004 2006 2009 2009 - 2011

NEEHEN R CANADA Sweden FaPaCa
6,3% US 11,5% 1.5% US 18,8% 12 5% 7 3%

2011 2011 2012 2014 2015 2016
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Pan-Gen-FAM: Study Protocol

Methods:

Extensive family Tree

Routine genetic analysis: BRCA1, BRCA2, CDKN2A (p16),
STK11, PRSS1

- Epidemiology questionnaire: smoking habits, alcohol
consumption and clinical history

« Samples: blood at entry and every year in high risk individuals

- Panel sequencing of familial cancer genes or whole exome
sequencing

Minimally invasive tumor marker validation: CTC, miRNAsS,
cfDNA.

= VISION
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Pan-Gen-FAM :
Screening
strategy results

o0 116 individuals from in the
secondary screening program

o 30 cystic lesions detected by
EUS/MRI/CT and 3 early tumors
identified (2 adenocarcinoma
and 1 pNET)




We are all racing towards death. No matter how many great,
intellectual conclusions we draw during our lives, we know
they're all only man-made, like God. | begin to wonder where
it all leads. What can you do, except do what you can do as
best you know how.

John Hurt



The liguid biopsy

The detection of cells or molecules that originate from a tumor in
corporal fluids: blood, saliva, feces etc.

Standard

VS.

Time-Intensive Procedure

Localized Sampling of Tissue
ot Easily Obtained

Some Pain/Risk

Invasive

Liquid
Biopsy

[

Quick

Comprehensive Tissue Profile
Easily Obtained

Minimal Pain/Risk
Minimally Invasive

§4 g

abnormalities

St

RNA expression and
fusion transcripts

R

Protein expression and
phosphorylation

A

" \\ In vitro / in vivo culture

Less invasive
Allows monitoring in real-time
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Immunovia: Prospective Study For PDAC-Early Detection~
In High-risk Individuals (IMMray™ PanCan-d)

/

Risk surveillance group
1000 individuals

!

Immunovia early detection
test every 6 months

Positive test

¥
CT/MR/EUS

/

AN

Positive test

Negative test

l

Operable 80+%

l

Adjuvant Therapy

l

Back into
testing
program

Negative test

l

Back into
testing
program




Potential PDAC biomarkers for early
detection: cfDNA

Liquid Biopsies and Derivation of ctDNA

Short half life ~2 hours

Need to use sensitive
detection methods e.g.
digital PCR

Crowley, E. et al. Nat. Rev. Clin. Oncol. 2013,;10:472-34

PANGENFAM
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cfDNA guantity correlates with disease
stage
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Cysts Resectable Locally advanced jetastatic
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KRAS limits to use of targeted therapies In
the clinic but could be a good biomarker

EGF

Yemurafenib
Dabrafenib
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KRAS mutations are more frequent
In sporadic vs. familial cases

SPORADIC CASES FPC CASES

No

mutation
25%

Mutation No
75% mutation
87%




Alternatives to blood for biomarker
detection: Cyst Fluid

Main duct Pseudocyst

intraductal papillary
mucinous neoplasm

,JA 22 ﬂrj’

Serous cystadenoma

Mucinous cystic neoplasm

Cyslic neuroendocrine tumor

Side branch intraductal papillary
mucinous neoplasm

© MAYO FOUNDATION FOR MEDICAL EDUCATION AND RESEARCH. ALL RIGHTS RESERVED
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The future of familial pancreatic cancer

Genetic
screening in all
FPC cases

Biomarker
validation in the
liquid biopsy

= VISION

Collaboration
at the
International
level

Standardized
screening
protocols and
reporting

Personalized
treatment in the
clinic
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%U)ZO_(DCI—OZOO

Hospital Universitario

wer: namon v Cajal

Familial pancreatic cancer seems to be a
multigene syndrome, some cases are associated
with known hereditary cancer genes.

Pancreatic cancer cases with a familial
background may be candidates for alternative
therapies not currently used in the clinic.

Secondary screening In healthy high-risk
Individuals from FPC is effective.
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