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Causes of Hereditary
Susceptibility to CRC

Sporadic
(65%—85%)

— Familial
(10%—30%)

g

Rare CRC
syndromes —— Lynch Syndrome
(<0.1%) / (5%)

Familial adenomatous
polyposis (FAP) (1%)

Adapted from Burt RW et al, Prevention and Early Detection of CRC, 1996



CRC Risk categories

v Hereditary CRC Syndromes

Increased Risk
v Personal history of adenoma, SSP, CRC
v Inflammatory Bowel Disease (UC, CD)
v’ Positive family history

Average Risk
v Age 250y
v No history of adenoma, SSP or CRC
v" No history of IBD
v" No Family History




DNA
hypomethylation

KRAS Loss of 18q
Loss of APC activation
Loss of p53

normal hyperprolif early intermediate — late invasion &
epithelium epithelium adenoma metastases

CHROMOSOMAL INSTABILITY /
MUTATOR PHENOTYPE

- /

normal hyperprolif early intermediate— late invasion &
epithelium epithelium serrated polyp metastases

A
MMR germline mutation BRAF Loss of p53
MLH1 hypermethylation activation 5
TGFARII, IGF2R, BAX, E2F4, MRE11, RAD50
frameshift mutations

Fearon and Volgelstein, Cell (1990); Vilar, Nature Reviews Clinical Oncology (2010)




Hereditary CRC Syndromes as
Models for CRC Carcinogenesis

Polyposis Syndromes

Ade

UTYH)

Non-polyposis Syndrome

Hamartoma predominant
Peutz-Jeghers Sd (LKB1, STK11)

PTEN)
Cowden Sd (PTEN)

Mismatch repair proficient
Familial Colorectal Cancer Type X
Other Syndromes

Juvenile polyposis Sd (BMPR1A, DPC4,
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MSH2/EPCA
High but |
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Hampel and de la Chapelle, CAPR (2011); Gruber, GeneReviews (2012)



Lynch Syndrome

LS-related tumors
v'Colorectal Cancer (52-82%)
v’ Endometrial Cancer (25-60%)
v'Ovarian Cancer (4-12%)
v'Urinary Tract Tumors (1-4%)
v'Gastric Cancer (6-13%)
v'Small Bowel (3-6%)

v'CNS — GBM (1-3%)
v'Prostate? Breast?

*Life-time risk

Gruber, GeneReviews (2012)



MSI Is the molecular marker of Mismatch
Repair deficiency

Ins/Del Normal TGTGT

Loop DNA repair :l | I I [
Pol slippage

o ‘ ACA
TG TG

| ||
AC ACA

(CA),



MMR System: MutS sliding clamp binds
MutL to form a ternary complex

MLH1  EXO1  PMS2

f _.I § | é fl 4 i ‘
ﬁi{// - : ﬁi%/)Lxchﬂon of
mismatch : mismatched

base

Exonuclease
(EXO1)

Vilar, Nature Reviews Clinical Oncology (2010)



MSI Is the molecular marker of Mismatch
Repair deficiency

Ins/Del

Loop
Pol slippage
TG
1111
|JAC ACA W TG TG
(CA), . TG TG TG TG
Defective | || » | ||
DNA repair L‘ L‘
(AMMR) AC ACA AC ACA




MSI detection:
multiple target microsatellites
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® Silent 0.1

Tumour site | |

MSiI status || [[ll/lI Il

CIMP status ||| |
(1 |

MLH1 silencing |

Gryfe, NEJM (2000); Vilar, Nature Reviews Clinical Oncology (2010);
TCGA, Nature (2012)



MSI and Secondary mutations

a The hallmarks of cancer Activated

growth signalling
Evading

Tissue invasion cell deathand BAX
and metastasis senescence

TGFBRII
IGFR2

Sustained Limitless
" angiogenesis replicative
potential

E2F4

!—:vading DNA damage
Immune and DNA

surveillance "§ replication stress
MRE11
RAD50
Metabolic Mitotic stress
stress

Genomic
instability

Hause, Nature Medicine (2016); Negrini, Nature Reviews Molecular Cell Biology (2010)



FSP and Tumor Infiltrating Lymphocytes

Slide courtesy of Melissa Taggart, MD — Neoantigen courtesy of Steve Lipkin, MD, PhD



Pembrolizumab in MSI-H CRC

Radiographic Response Biochemical Response
100

B Mismatch repair-proficient colorectal cancer - —— Mismatch repair—proficient colorectal cancer
B Mismatch repair-deficient colorectal cancer +— Mismatch repair-deficient colorectal cancer

B Mismatch repair-deficient noncolorectal cancer -« - Mismatch repair-deficient noncolorectal cancer
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20% increase (progressive disease)

0% (no change)
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MMR-deficient MMR-proficient
CRC CRC
N=28 N=28

Response Rate 57% 0%
Disease Control Rate 89% 16%

Le DT, NEJM (2015)



Lynch Syndrome

LS Carcinoma

High mutation rate

CD4, IFN, PRF1, |_ ‘ 3

[" : 1 IL12A, TNF

CD8A, GZMB, IL17A,
TGFB1, PTGS2,IL1B,
IL6, IDO1, NOS2, HIF1A




Interception in High-Risk Genetics

‘Treatment without Prevention is

simply unsustainable’
(Bill Gates)

https://www.gatesfoundation.org/Media-Center/Press-Releases/2006/08/Putting-the-
Power-of-HIV-Prevention-in-the-Hands-of-Women



Lynch Syndrome

LS Carcinoma

CD4, IFN, PRF

-

CD8A, GZMB, IL17A,
TGFB1, PTGS2,IL1B,
IL6, IDO1, NOS2, HIF1A




Interception in High-Risk Genetics

14 LS

LS-related tumors

¥ Colorectal Cancer (52-82%)

v Endometrial Cancer (25-60%)
¥'Qvarian Cancer (4-12%)
¥'Urinary Tract Tumors (1-4%)

7 ¥ Gastric Cancer (6-13%)

88 v Small Bowel (3-6%)

¥'CNS - GBM (1-3%)

¥ Prostate? Breast?

*Life-time risk

Colon Polyps
Normal mucosa
Germline
Lynch Syndrome

Familial Adenomatous Polyposis

Extracolonic features
¥ Duodenal Carcinoma (4-12%)*
v Desmoid Tumors (15%)*
¥ Thyroid Cancer - Papillary (2%)*
¥ Medulloblastoma (2%)*
v"Hepatoblastoma (1.6%)*
+ Adrenal mases (7.4%)

v'CHRPE

¥ Dental abnormalities (17%)

v Benign cutancous — Epidermoid cysts
*Life-time risk

AmJ (2006); Jaspers Re (2011)

10 FAP

Pre-Cancers
Tumors
Normal

DNA & RNA

Next-Gen Seq
RNA-seq

Protocol IRB# PA12-0327, Kyera Evans, Laura Reyes, CCP Research Core



Lynch Syndrome

OFAP OLS

Checkpoints

pP=.02
A

§¥ 8%

P=.001

Mean Counts per Million

IFNG TBX21 CD8A  GZMB  PRF1 IL21 CTLA4 PDCD1 LAG3 CD27A

Proinflammation Metabolism

8

Mean Counts per Million

(o]

IL17A RORC IL23A FOXP3 IKZF2 IL10 TGFB1 PTGS2 IL1B IL18 IL6 IL12A TNF IDO1 NOS2 HIF1A

Chang, JAMA Oncology (2018)



Lynch Syndrome

E Mutation rate
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FAP (n=16) LS Nonhypermutated LS Hypermutated CRC Stage I-1I CRC Stage -1l

(n=16) (n=3) Nonhypermutated Hypermutated
(n=41) (n=9)

Chang, JAMA Oncology (2018)



Lynch Syndrome

Mutation Rate
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Chang, JAMA Oncology (2018)
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Neopeptide binding affinity
[[] <50nM ]
B 50nM to <100nM | MHC |
Il 100nM to <500nM |
[]<50nM ]
[ ]50nM to <100nM

B 100nM to <500nM |

Sample

I AP

[ LS Nonhypermutated
] LS Hypermutated
|:| LS Tumor

Lynch Syndrome

Chang, JAMA Oncology (2018)



Lynch Syndrome

[ JLSTumor  []LSPolyp  [Ji] FAP Polyp

MHC I P=.05 MHC

AMPK signaling I S R

Role of BRCA1 in DNA damage response
ERBB2-ERBE3 signaling

ATM signaling

IL-3 signaling

Wnt/B-catenin signaling

G2/M DNA damage regulation

Chang, JAMA Oncology (2018)



Lynch Syndrome

;

Epithelium

Neo-Antigens

CD4, IFN, PRF1, LAGS3,

Immune CD4, IFN, PRF1, LAG3, PDL1, IL12A, TNF
- CD4, IFN, PRF1, LAG3,  PDL1, IL12A, TNF
Signals PDL1, IL12A, TNF
(Activation) CD8A, GZMB, IL17A,

TGFB1, PTGS2, IL1B,
IL6, IDO1, NOS2, HIF1A

Willis, CCR (2019); Chang, JAMA Oncology (2018)



A Phase |l Study of PD-1 Inhibition for the

Prevention of Colon Adenomas in Patients

With Lynch Syndrome and a History of
Partial Colectomy

40% reduction

| Patient with | Nivolumab 240 mg IV every 3 months x 8 doses :
resected Unblinded

colon Historical controls
cancer and

germline N=104 (94 evaluable)

MLH1 or

MSH2 .
mutation .
with clean J
colonoscopy

within 3

- months Colonoscopy Colonoscopy Colonoscopy

1 year 2 years 3 years

Primary Objective: Reduce incidence of adenomas
Others: Incidence of advanced adenomas, colon and other LS-related
tumors, Safety, and Immunogenicity

NCT03631641; Joanne Jeter, MD (PI) - OSCCC



Mo pre-existing
immunity

Pre-existing
immunity

Lynch Syndrome Vaccines

Early
pre-malignant
lezion

e oo —

Early
pre-malignant
lesion

Pre-existing
immunity

and preventive
vaccine

00O -

Early

pre-malignant
lesion

Advanced
pre-malignant

lezion iE

Progrezsion and escape

e oe~-eetlooe

Equilibrium

Cancer

Advanced
pre-malignant

lezion
—

Progression and escape

// Eq uilibrium

T COOEEEOEEEEEEED

Elimination

Finn, Nature Review Immunology (2018)



Frameshift Peptide Vaccine
for prevention in LS mouse model

A. Experimental strategy B. IFN-y ELISPOT D. Epitopicregions

Possible FSP-encoding genes Wt Nesaisisa
(mouse genome screen) "9 g

v Xirp(-1)
Mutation testing of candidate cMS "

[
Criteria: | 53 genes
- more than 15% mut. freg. ) -
- monomorphic in normai tissue

Maz(-1) L

Nacad(-1) ¥

Senpé|-1)

IFN-gamma spots
per 1.5x10°splenocytes

first candidate list |
| 13 genes

expression analysis L=
Criterion: Xirpl1 (-1) Maz(-1) Nacad{-1) Senp6(-1)

expression in normal mucosa and tumor
’ Antigens tested in EUSpot

13 genes .
26 FSPs C. CD4 vs. CD8 responses E. Humoral immune responses
preferentially

SYFPEITHI>12 or epitope prediction
netMHC <5

Xirp(-1) Maz(-1) Nacad(-1) Senpél-1 0es —
- Senpb(-1)
* % -

hs * 0.08 * Nacadi-1)

candidates

- Maz(-1)

5 00s

002

IFN-gamma spots
per 0.5x10°splenocytes

{':. A sacrifice

£ L L L 1
T T T 1 T 1 T 1 v
1 2 3 B S 6 7 8 9

50 pg of peptides
/’ mixed with CpG (20 pg)

0.00

- ) ) : & oF
Xirp[-1) 7Mﬂt( 1) Nacad|-1) Senp6(-1) R

Slide courtesy of Steve Lipkin, MD, PhD;
Confidential — Unpublished Data — PLEASE DO NOT POST




Lynch Syndrome Vaccines

Analyze dMMR cancer coding mononucleotide repeats

I
L
Select FSP neoantigens occurring in >3% dMMR tumors and RNA expressed

dMMR vaccination library of 1,087 FSP neoantigens
v
Select most immunogenic FSP neocantigens
with best coverage across dMMR tumors
L
209 FSP neoantigens expressed in
4 GAd/MVA paired viral vectors

. Normal tissue
' Tumor

811 004 137 15909 533 16408 y 811 004 137 15909 533 16408
mn v v | Il L) " v v [ ] ]

Tumor ID Stage

|
v
|
I

100

N. Vaccine FSPs
N. Predicted Epitopes

Tumor ID Stage

Scarselli, STIC (2017)



Lynch Syndrome Vaccines

Great Apes (GAd) adenovirus recombinant viral

. GAd viral vectors with dMMR neoantigen F5Ps
vector for vaccination priming

l w [ FsPas | rsewr | FsPas | EEREEEE

a3 [ Fspwo [ FsPwn | FsPie | .. | FsPisr | FsPis |

Modified Vaccinia Anakara (MVA) recombinant viral
vector for vaccination booster injection s [rseiss [ rspieo [ FsPien | . [ Fspae [ Fspam |

MVA viral vectors with different sequential order
of dMMR neoantigen FSPs

w [ s I v | < ]
Immunological analyses oooom | e | . | FsPe - Fspaz | rFsea |

Post-prime (week 2 . 83 | FsP1zz | FsPies | FSPIST | FSP1E | .| Fsewr |

s [JFSPEBL] Foeros | | Fseie | Fspie | FePies |

GAd-FSP-AL
prime
1x10°8 vp

Post-Gad-FSP Post MVA-FSP

IFN-gamma spots

per F 1x 10° splenocytes
IFN-gamma spots

per F 1x 10° splenocytes

B
yvwwes 2880
.

Pool1 Pool2 Pool3 Poold DMSO Pool1 Pool2 Poold Poold DMSO

Scarselli, STIC (2017)



Lynch Syndrome Vaccines

Phlb
Dose Expansion

N=9-12 N=12

NOUS-209 (D1 + D2) NOUS-209 (RP2D)
+ +

Pembrolizumab Pembrolizumab

Anti-PD-1 checkpoint inhibitor
naive dMMR or MSI CRC,
gastric, G-E junction

Estimated Start date: September 2019
Courtesy of Paola Antonini & Elisa Scarselli — NousCom — NCT 04041310



Conclusions
LS polyps display a unigue inmunoprofile with
overexpression of iImmune checkpoints

Activation of the iImmune system was
Independent of NeoAg and Mut rates

Hypemut LS polyps display iImmune
tolerance prior to carcinoma progression

Neoantigens are involved in DNA repair
mechanisms

Potential use of CPI and vaccines in LS
Clinical trials in ‘rare’ pops are feasible



Refining CRC surveillance

Dx advanced
adenoma or
carcinoma

Baseline
colonoscopy

lResection of polyps (if any)

|

Risk stratification

Low risk Intermediate risk High risk
no polyps 1-2 tubular 3-10 tubular adenomas, size >
adenomas, serrated 10mm, villious histology, high-grade

Repeat dysplasia
colonoscopy in 10 Repeat colonoscopy
years (or never) in 5-10 years Repeat colonoscopy in 3 years




Does the molecular profile of a polyp
have prognostic significance?

Molecular
classification at basal
colonoscopy

- ITWT-group
BRAF-mutated group
+ WT-censored
BRAF-censored
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24 36
Surveillance (months)

Wild-Type 129 74
group

BRAF-mutated 31 21
group

o
@

Finding any advanced polyp at follow-up
T

Molecular
classification at basal
colonoscopy

—~STWT-group
KRAS-mutated group
+ WT-censored
KRAS-censored

Log Rank, P-value = 0.037

Wild-Type
group
KRAS-mutated
group

1 ]
24 36
Surveillance (months)

129 74

66 48 36

Miriam, Plos One (2017)




Adenoma CMS subtypes

CMS2 CMS4
Canonical Mesenchymal
14% 37% 13% 23%

MSI, CIMP high,
hypermutation

Mixed MSI status,

SCNA high SCNA low, CIMP low

SCNA high

BRAF mutations KRAS mutations

Stromal infiltration,
TGF-B activation,
angiogenesis

Immune infiltration WNT and Metabolic
and activation MYC activation deregulation

Worse survival Worse relapse-free
after relapse and overall survival

Genomic Epigenomic  Transcriptomic pathways Stroma—immune microenvironment Driver genes Clinical

Highly

immunogenic

Proximal

Poorly
immunogenic

Cancer-associated fibroblasts

(Tumour location)

Inflamed

Complement ¢ ation (immune-
o tolerant)

Distal

Immunc

Guinney, Nature Medicine (2015); Dienstmann, Nature Reviews Cancer (2017)



Analysis workflow

398 Adenomatous polyp (AP), hyperplastic (HP) and sessile
serrated adenomas (SSA) from FAP, LS, sporadic population

Affymetrix Affymetrix
HGU133+ 2.0 HGU133+ PM
(n=232) (n=79)

lllumina HiSeq
(n=78)

Normalization and batch correction

CRC molecular subtype (CMS) classification

Gene set enrichment
analysis
curated CRC gene sets

Distributions of CMS
groups




CMS1 and CMS2 are major subtypes In
premalignancy

Sporadic polyps (n=311)

/ 26 (76.5%)

I 12 (57.1%)

—— 30 (11.7%)

68 (21.9%)

207 (80.9%)

~——— 5(14.7%)

N——— 4 (19%)

cCMs1 [ CMSs2 CMs3 [ CMs4 Indeterminate
AP B HP SSA




CMS1 and CMS2 are major subtypes In
premalignancy

Hereditary polyps (n=78)

30 (96.8%)

—

F 25 (96.2)%

5 (71.4%)

30 (38.5%)

19 (63.3%)

39 (86.7%)

2 (28.6%)

L 13 (86.7%)

28 (87.5%) ———

cms1 | cms2 cms3 [l cms4 Indeterminate
AP | HP SSA
I sps |J FAP B LS




Pathway enrichment analysis

.Immune Signatures
Immune infiltration WNT targets

Stromal infiltration MYC targets
Immune response Translation ribosome
Th17 activation Cell cycle

PD1 activation MAPK
JAK-STAT

Mesenchymal

Metabolism

Sugar/aa/nucleotide Matrix remode"ng

Glutamine TGFB

Glutathione

<0.001 <0.01 <005 =>005 <0.056 <0.01 <0.001

Negative Positive
enrichment enrichment




Pathway enrichment analysis

.Immune Sighatures
Immune infiltration WNT targets

Stromal infiltration MYC targets
Immune response anslation ribosome
Th17 activation Cell cycle

PD1 activation MAPK
JAK-STAT

Mesenchymal

Metabolism

Sugar/aa/nucleotide Matrix remodeling

Glutamine TGFB

Glutathione

<0.001 <0.01 <005 =>005 <0.056 <0.01 <0.001

Negative Positive
enrichment enrichment




Pathway enrichment analysis

.Immune Sighatures
Immune infiltration WNT targets

Stromal infiltration MYC targets
Immune response ation ribosome
Th17 activation Cell cycle

PD1 activation MAPK
JAK-STAT

Mesenchymal

Metabolism

Sugar/aa/nucleotide trix remode"ng

Glutamine TGFB

Glutathione

<0.001 <0.01 <005 =>005 <0.056 <0.01 <0.001

Negative Positive
enrichment enrichment




Pathway enrichment analysis

.Immune

Immune infiltration

Stromal infiltration

Immune response

Th1l7 activation

PD1 activation

Metabolism

Sugar/aa/nucleotide

Glutamine

Glutathione

Signatures

WNT targets

MYC targets

1slation ribosome

Cell cycle

MAPK

JAK-STAT

Mesenchymal

Matrix remodeling

TGFB

<0.001 <0.01 <005 =>005 <0.056 <0.01 <0.001

Negative Positive
enrichment enrichment




Characteristics
n
female
male
p-value

Gender

n
AP
AP with
HGD
p-value

Presence of

high-grade

dysplasia
(HGD)

n
left
right
p-value

Location

n
Mutant
Wildtype
p-value

BRAF V600E

KRAS codon
12 and 13

CMS1
57
54%
46%
2.41E-01

30
60%

40%
4.57E-02

59

63
24%
76%

9.95E-07

51
2%
98%
1.94E-02

CMS2
218
47%
53%
7.91E-01

246
76%

24%
5.95E-01

210
66%
34%

1.27E-05

164
2%
98%
7.73E-06

164

13%

87%
4.70E-02

CMS3
12
17%
83%
3.80E-02

13
85%

15%
7.42E-01

11
27%
73%

5.79E-02

8
0
100%
1.00E+00

7
14%
86%

5.55E-01

Clinical and pathological associations

CMS4
7
57%
43%
7.11E-01

8
100%

0%
2.07E-01

7
86%
14%

2.45E-01

1
0
100%
1.00E+00

1
0
100%
1.00E+00




Pathway activation driving CMS

Adenomatous

polyps
(adenomas)

Sessile
Serrated
adenoma,
Hyperplastic
polyp

Premalignant stage

»

Carcinoma stage

WNT
activation,
Cell cycle and
proliferation

Microsatellite instability

(MSI), )

Immune infiltration &
activation

Chromosomal Instability »

(CIN)

Premalignant stage

1
Mlmcoccococococoo
1
Vooooooooood

¢

(|
-« 5
N

Metabolic
deregulation

Epithelial mesenchymal

!

TGFB activation,

N MS4
transition » s
Stromal infiltration

MAPK activation,
Immune
activation &
infiltration

Carcinoma stage

MSI, Immune infiltration &
activation

’’

TGF activation,
Epithelial mesenchymal
transition,
Stromal infiltration




Acknowledgements

Laura Reyes
Prashant Bommi
Lewins Walter
Jason Willis
Hong Wu
Wendy Wu
Kyera Evans
Jennifer Kinnison
Ana Bolivar
Nejla Ozirmak
Chase Bowen

Paul Scheet
Kyle Chang

Florencia McAllister

Ernie Hawk, Powel Brown

Margaret Dunseith

Melissa Taggart — Pathology

Jack Lee, Diane Liu, Shiva Dibaj — Biostats
Diane, Val, Carrie — CCP Research Core
Erika Thompson — SMF Core

Patrick Lynch, Nancy You,

Miguel Rodriguez-Bigas

Selvi Thirumurthi

Maureen Mork, Sarah Bannon, Julie Moskowitz

Ramona Lim, Elena Stoffel, Jewel Samadder, Priyanka Kanth
Steve Lipkin, Ozkan Gelincik — VCM

Marjorie Perloff, Ellen Richmond, Asad Umar (NCI)

Ginger Milne, Lawrence Marnett — Vanderbilt University
Winfried Edelmann — AECOM

Elisa Scarselli, Alfredo Nicosia — NousCom

Joanne Jeter — OSU

RO1 CA219463

IOTN U01 CA233056

NO1 HHSN261201200034I

MDA Colorectal Cancer Moonshot
MDA GI SPORE - Project #2

Feinberg Family
Duncan Family Instltute

THE HOPE FOUNDATION

Because answers to cancers come from clinical trials

The University of Texas
cience Center at Houston



