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Patients with cancer predisposition require prevention
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Adenoma-carinoma dogma

“lesions that project above the surrounding mucosa are commonly termed polyps”

Sporadic CRCs Normal sl | Adenoma | =——

Multiple Multiple
independent independent
mutations mutations
FAP Normal | HEEEE) | Adenoma | =)
Germ-line Multiple
inactivation of independent
one allele mutations
Nonpolyposis CRC Normal ——- | Adenoma - -
Multiple Germ-line +
independent somatic
mutations inactivation of alleles

s Rate-limiting step - Rate-increasing step

Fearon ER. Annu. Rev. Pathol. Mech. Dis. 2011
Jackman RJ, Mayo CW. Surg Gynecol Obstet. 1951 JK
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Efficacy of colonoscopy

IXTTTRY

9 vyears

IC
x.
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Effectiveness of colonoscopy

XEIXET

3 9 vyears

There is up to 15% risk of developing colon cancer in 10 years

Jarvinen et al. Gastroenterology 2000; Engel et al. Clin Gastroenterol Hepatol 2010;
de Vos tot Nederveen Cappel et al Dis Colon Rectum 2002; Vasen et al J Med Genet 2007,
Mecklin et al. Gastroenterology 2007; Mgller et al Gut 2017; Engel, Vasen, Seppala Gastroenterology 2018

UK
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Cancer risk in Lynch syndrome

plsd.eu

Prospective Lynch Syndrome Database (PLSD) - cumulative risk for cancer by age, genetic variant, and gender

Any cancer Carrier without previous cancer Carrier with previous cancer About Mev Pal Mgller

Dominguez-
Valentin

Calculation of cumulative risk For cancer in

selected organ(s) irrespective of cancer(s) in any

e Colon - male

path MLH1

Organ L A S oo

Colon -

Cumulative risk of cancer (%)

IMale -

Genetic variant

path_MLHT -

Moller et al. Hered Cancer Clin Pract 2022
Dominguez-Valentin et al. Genet Med 2020
Seppala et al. Fam Cancer 2021

Moller et al. Gut 2017 H

Age Risk(%) 95% Confidence interval

K
D
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Shorter colonoscopy intervals, less cancers?

39% vs. 54%

3-yearly 1-2-yearly

Seppala et al. Hered. Cancer Clin. Pract. 2017
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Shorter colonoscopy intervals, less cancers?

Recommended colonoscopy intervals in Lynch syndrome

sssss

Germany The Netherlands Finland B—
1-yearly 1-2-yearly 2-3-yearly

80%

‘L Outcome in 2747 patients

100% p=0.150 60%

‘many
therlands 1o0%
inland

DZH
ze

of first CRC
H

No reduction of a0

. 2 g
CRC risk or tumor £ .. i
stage with shorter ¢ “] £
intervals 1ol ezt S o
IR P - Gastroenterology T pmas | gsmas 7o
PLSD

3-country study

Engel, Vasen, Seppala et al. Gastroenterology 2018
Seppala et al. Hered Cancer Clin Pract 2019 UK
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It does not add up

Nonpolyposis CRC Normal | =3 | Adenoma - -
Multiple Germ-line +

independent somatic
mutations inactivation of alleles

- Rate-limiting step - Rate-increasing step

RS

classical progression of CRC

non-polypous rogression of CRC?
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Non-polypous precursors: evidence from pathology

MisMatch Repair-Deficient Crypt Foci

S s

. % s
i A e

EPCAM staining
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Non-polypous precursors: evidence from pathology

LS1 Alesion 1 LS1 A lesion 2 LS1 A lesion 3

LS1 A lesion 4
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Kloor et al., Lancet Oncol 2012
Staffa et al., PLOS One 2015
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Cancer-driving potential of MMR-DCF

MMR-deficient Crypts
(Loss of MSH2/EPCAM)

00 105 110 ||os 110 us| o s | s %0
—_———

T
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MSI

{rameshift Peptide Neoantigey
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Can LS CRC progress from a non-polypous precursor?

Lynch syndrome I
evidence of polypous growth 0 IIIIIIIIIIIIIII I

CTNNB1 mutation IIIII
MLH1 mutation
MSH2 mutation
MSH6 mutation
PMS2 mutation

time
MMR deficiency
NORMAL

TISSUE ; ; KRAS f pS3
’CTNNBI .
cMS| * cMSI k cMSI| cMSI
yes
yes
~30%

CANCER
Polypous growth E’ & ;o- -: yes yes
Prevention by colonoscopy : no E yes yes
f'redicted frequency : ~10% : ~20% ~20%
in Lynch syndrome IRy, S

Ahadova et al. Fam Cancer 2016
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When does the MMR deficiency occur?

Evidence from adenomas Evidence from carcinomas
n=640 .
. C>T mutations others
Adenomas from CAPP2 trial = —a . .
Rijcken et al. 2002+ : . ; at CpG sites
lino et al. 2000+ b a4 1
De Jong et al. 2004+ = e '
Ferreira et al. 2009+ ' & i -
Halvarsson et al. 2005+ b & =
Yurgelun et al. 2012+ : B o
eijer et al. 2009+ —a—
Pino et al. 2009+ —a—t
Valo et al. 2015+ ——
Muller et al. 2006+ i_ll—-EH
Walsh et al. 2012+ }
Tanaka et al. 2016+ H
All studies+ . i i i . i
oD J 05 10 insertion/deletion mutations at microsatellites
. . . —'T-r'
proportion of MMR-deficient adenomas m“

A7

» 77% of LS-assocaited adenomas are MMR-deficient
e LS-associated adenomas carry cMS mutations in target genes

Ahadova, Gallon et al. 1JC 2018
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Mutational signature of MMR deficiency in initiating somatic mutations

predicted KRAS mutation type probability

in MMR-deficient cells

observed KRAS mutation type frequency

MSI Lynch MSS
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Ahadova, Gallon et al. JC2018 | JK
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% of APC mutations occuring after MMR deficiency
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Incident cancer risk is different among different MMR variant carriers

100% -

90%

80% -

Cumulative incidence

20% -
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Somatic mutations
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Engel, Ahadova, Seppala et al. Gastroenterology 2020
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Somatic mutations
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Cumulative incidence of CRC

MLH1 carriers and carriers without adenomas at first colonoscopy
show highest CRC incidence under surveillance

Females with LS

S No adenoma detected
- —— Adenoma, Screen <1y
Adenoma, 1 <Screen<2y
— Adenoma, 2 <Screen <3y
— Adenoma, Screen > 3y
o _
o
©
o
<
o
8 A
o
Q|
o
I I I I
5 10 15 20
Follow-up, y

Cumulative incidence of CRC
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Cumulative incidence of CRC
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Aronson et al. JNCI/ 2023
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CTNNB1 is an oncogene, but not a classical one

CTNNB1 requires a
monoallelic hit for
activation
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CTNNB1 is an oncogene, but not a classical one

CTNNB1 requires a
monoallelic hit for
activation

CTNNBI1 requires a
biallelic hit for
activation
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Why are CTNNB1 mutations associated with MLH1 Lynch syndrome?

MLH1 carrier

____________________________________________

UK
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Single genetic event switches MLH1 off and CTNNB1 on? )



cnLOH is responsible for biallelic MLH1 inactivation and CTNNB1 activation
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Two-in-one hit model of carcinogenesis

MLH1 Normal Non-dysplastic MMR deficiency and Cancer
carrier mucosa mucosa é beta-catenin activation
"'\ ;:' “'\ ;:' cnLOH %
a8 — B a - B
S S 2-in-1 hit %
MLHI pV. m  MLHIWT  MLHIpV. mr  MLHI WT MLH1 pV MLH1pV
N » N /
i T TN
cnnea’ || ernner ¥ s/ | CTNNBl CTNNB1 CTNNB1
WT I N WT MUT I N WT MUT
- - i

Ahadova et al. Gastroenterology 2023
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Potential explanations for the limited effect of colonoscopy

MSI pathogenesis/high immunogenicity/strong

. s . lesion regression?
immune infiltration
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Low probability of progression from MMR-DCF

Stark contrast between the prevalence of MMR-deficient crypts and LS penetrance

>1000 MMR-deficient foci per patient

$

<0.5 progressing to cancer

» g ' < . L b & v v'
- Ny VSl Loy TN s SR e
W ey, Jedd <k % et
U 2 o~ ~ el >4 .
. 3 B SN e .
= ~ 5 N ey . .
7 R o TN e TN Y
- e\ e
= L L PAREIUEI A ",

Kloor et al. Lancet Oncol 2012
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What happens to all those MMR-DCF?
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Systemic immune responses in Lynch syndrome

No Cancer MSS Cancer MSI-H Cancer No MSI-H Cancer
but Lynch Syndrome

UST3(-1)
DAMS(-1)(-2
FLJ mix
AlM2(-1)
AC1(-1)
U79260(-1)
MSH3(-1)
HT001(-1)
TAF1B(-1)
TGFBR2(-1)
Sec63(-1)
OGT(-1)
CASP5(-1)

FSP-specific T cells FSP-specific T cells

Schwitalle et al. Gastroenterology 2008
Kloor et al. Lancet Oncol 2012
Kloor and von Knebel Doeberitz. Trends in Cancer 2016

LC
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Local immune responses in Lynch syndrome
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Local T cell responses in tumor-free Lynch syndrome patients

Gene expressiorE PC2 vs. PC1
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Kupfer (editorial). Gastroenterology 2022 M——
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What is the way to go?

Balancing the burden and benefits of colonoscopy in Lynch Syndrome

Finlay Macrae'

Accepted: 12 August 2023 / Published online: 15 September 2023
© The Author(s), under exclusive licence to Springer Nature B.V. 2023

Macrae. Fam Cancer 2023
Van Liere et al. Fam Cancer 2023
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Alternative prevention strategies

A. .
MSI tumor evolution ®— 6 - - Uncontrolled outgrowth of
withoutimmune surveillance immunogenic tumor

B Tumor with limited
MSI tumor evolution immunogenicity
under immune surveillance (,Immuno-Editing”)

o
c i Elimination of
. . L ] .
MSI tumor evolution ® 2 3 : precancerous lesions, no
with immune stimulation — g tumor development
(e.g. by vaccination) =
https://www.dkfz.de/en/presse/pressemitteilungen/2020/dkfz-pm-20-60-Vaccination-against-altered-proteins-could-prevent-cancer-development.php Ballhausen et al. Nat Com 2020

https://cancercommunity.nature.com/posts/immune-surveillance-and-immunoediting-in-microsatellite-unstable-cancers

UK
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https://www.dkfz.de/en/presse/pressemitteilungen/2020/dkfz-pm-20-60-Vaccination-against-altered-proteins-could-prevent-cancer-development.php
https://cancercommunity.nature.com/posts/immune-surveillance-and-immunoediting-in-microsatellite-unstable-cancers

Alternative prevention strategies: NSAIDs

Cumulative incidence for colorectal cancer

Cumulative incidence for all

Lynch syndrome cancers

05

0-4

—8- Aspirin placebo
—@- 600 mg aspirin
HR 0-65 (95% Cl 0:43-0-97); p=0-035

HR 0-56 (95% Cl 0-34-0-91); p=0-019

HR 076 (95% Cl 0-56-1.03); p=0-081

HR 0-63 (95% Cl 0-43-0-92); p=0-018

T T
2 4 6 8 10 12
Years since CAPP2 entry

14

20

T
2 4 6 8 10 12
Years since CAPP2 entry

Burn et al. Lancet 2020
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T L]
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v
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204 |
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4
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Bowen et al. Front Immunol 2023
Reyes-Ulribe et al. Gut 2021
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Alternative prevention strategies: vaccines

cMS mutation

pattern Oi — Oi — Oi — @i — .i — .i---> .i
growth-
promoting / OI \ Oi \ @ﬁ .i
@

0~ of °| ﬁ i
growth-
repressing \ O! Oi Oi @ﬁ
ol °] ol ‘]

initiated cell clone pre-cancerous lesion early invasive cancer advanced cancer

Kloor and von Knebel Doeberitz. Trends in Cancer 2016
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Eniw <"
i elMarb
#-elTarbase
al - Selective Targets in Human MSI-H Tumorigenesis Database / MNR_ensembl

Potential vaccine targets are shared

wearsion latest
current relzsz= 201010
lazt upgated 20101003
Enzemblrel.  59_370

Start here

What's new ...

NAR 2010 Database Issue
Statistical Analyses
Tracts / MNRs
References

Services

Links

W TR [ roemanss e

bottom of frame

Regression analysis of CRC (for legend see below), maximum length x is 20, for maximum length x = 40 see graph at the bottor

mutation rate

ABCel
ABCBI
ABCEI
ABCB1
ABCBI
ABCBI1
ABCBI
ABCel

CRC -

100 +

Mutation frequency (%)

atest - 201010

Repeat
type MSI-H CRC MSI-H endometrial cancer

TGFBR2
TAFIB
Al 2
ASTE1
ACVR2
CASP5
NDUFC2
SLC22A9
MSH3

SMAPI

hugoID

OR7E24
KIAAZ2018

Al0 73.8* 14.5*
All 78.9% 58.3*
Al0 51.7* 50.0*
All 78.0* 25.0*

A8 67.6* 138
Al0 47.6* 11.4*

AS 40.3* 20°

All 69.6* 23¢
A8 42.0* 19.4*

A10 48.0* 208
Ti1 62" 30
T11 59° 27
T8 08 30°
T10 29¢ 30¢

altnames tract n  mut % references JIA KI
CDZ243;CLCS;GP170;MDR1 ENSGO0000085563@49_36k G4.87 067421 38 (4] 0.0 1
CD243;CLCS;GP170;MDR1 ENSGO0000085563@49_36k.T6.87 067386 38 0 00 1
CD243;CLCS;GP170;:MDR1 ENSGO0000085563@49_36k A4.87067370 38 1] 0.0 1 CI 80RF34
CD243;CLCS5;6GP170;MDR1 ENSGO0000085563@459_36k.A5.87 063060 38 1] 0.0 1
CD243;CLCS:GP170;MDR1 ENSGO0000085563@49_36k.A4.87 063046 28 1] 0.0 1
CD243;CLCS;GP170;MDR1 ENSGO0000085563@43_36k T4.87063023 38 1] 0.0 1
CD243;CLCS:GP170;MDR1 ENSGO0000085563@49_36k G4.87052863 38 4] 0.0 1
CDZ243;CLCS;GP170;MDR1 ENSG00000085563@45_26k.G4.87034194 38 (4] 0.0 1

http://www.seltarbase.org

shared mutations ===y shqred FSP neoantigens
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TAF1B(-1) A1l 74.6%
j HT001(-1) A1l 86.2%

/ $V AIM2(-1) A10 81.6%

Significant T cell and humoral immune responses in all patients

vaccinated per protocol

No systemic side effects

Local injection site reactions in 3 patients, reflecting strong

immunogenicity of the FSP antigens

> cMS type Mutation
frequency

frequency

First safety trial

. ‘ IFN-gamma ELISpot
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A Peptide ELISA

Antibody responses

®

Kloor et al. Clin Cancer Res 2020
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First proof-of-concept

6: \) Neoantigen Selection (2 Immunogenicity Analysis

Mouse Genome Screen Mutation Analysis )\
56 recurrent ctMNR candidates ——= 13 FSP candidates
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Probability of Survival (%)
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First proof-of-concept

tumor burden (mg)

Control vs FSP, P=0.0024 Control vs FSP + NAP, P = 0.0002
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First proof-of-concept
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Next generation vaccines: personalized, HLA type-adapted

Intracellular frameshift peptide expression and processing Cell surface antigen presentation

Mutation at a cMS

Digestion of the FSP by the proteasome 1
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Loading of the digested peptides
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® , ©

Recognitign by a T cell

HLA class I
molecules

Ahadova et al. Int J cancer 2022
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HLA type as a possible risk modifier and a factor for vaccine efficiency

IMMUNE RECOGNITION

Successful antigen representation
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INDICATE — Individual cancer risk by HLA type
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INDICATE — Individual cancer risk by HLA type
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Growing Network of INDICATE
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