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1. Acknowledge the rising incidence of early onset
colorectal cancer (EOCRC)

2. ldentify the signs and symptoms of EOCRC
Objectives: 3. Understand the unmet needs of an EOCRC
patient
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Incidence and Mortality of Colorectal CA in

the US and Globally (GloboCan)

Percent of New Cases by Age Group: Colorectal Cancer

At a Glance
Colorectal cancer is most frequently
. X diagnosed among people aged 65-74.
Estimated New Cases in 2024 152,810 40
35 Median Age
§ 0 At Diagnosis
% of All New Cancer Cases T.6% 3 25.7%
z 25 22.6%
@
% 20 18.9% 66
E 15.2%
_ _ E o0 10.2%
Estimated Deaths in 2024 53,010 519
° 0.3y 0%
% of All Cancer Deaths 8.7% 0" 20 20-34 35-44 45-54 55-64 65-74 75-84 >84
Age

Estimated number of new cases from 2020 to 2040.

Cancer sites 2020 2040
Colon 1,148,515 167% 1,916,781
Rectum 732,210 158% 1,160,296

www.seer.cancer.gov; Morgan et al: Gut, 2023 %7 VANDERBILT-INGRAM CANCER CENTER



http://www.seer.cancer.gov/

Overall, the

incidence
of CRC is
decreasing
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Colorectal Cancer Facts and Figures 2023-2025
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Increasing in EOCRC Patients

16 Incidence 50 Mortality
20-49 years 20-49 years
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Trends in EOCRC Incidence from 2010 to 2030

Colon Cancer Rectal Cancer
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Bailey et al: Jama Surgery, 2015
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Global Concern: Age standardized incidence rate (ASR)

of EOCRC (YO-CRC; age 20-49 years) in both sexes worldwide for the year 2020
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Spaander et al. Nat Rev Dis Prim, 2023 %/ VANDERBILT-INGRAM CANCER CENTER



Overall CRC Incidence by Birth Cohort

4_

° Those born ~ 1990:
= 2 * Two-fold higher risk of
> colon cancer (incidence
®© rate ratio (IRR) 2.40, 95%
@ Cl 1.11-5.19)
5 _ * Four-fold higher risk of
= T rectal cancer (IRR 4.32,
L= 95% Cl 2.19-8.51)

0.5-

1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990
Birth cohort

%4 }
Stoffel et al: Gastroenterology 2020; Siegel et al. J. Natl Cancer Inst. 2017 V/ VANDERBILT-INGRAM CANCER CENTER



High BMI:
EOGC

Smoking: N

EOGC \ Antibiotics:
EOCRC | EOCRC
EOPC adenoma

Multifactorial

Etiology for e /g
EOCRC? Fodte

High fasting , :
plasma glucose: | | food in childhood:
EOCRC / Colon adenoma
Sedentary TV
activity: viewing time:
EOCRC EOCRC

Ben-Ahron et al: Cancer Disc. 2023 %/ VANDERBILT-INGRAM CANCER CENTER
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Smoking as a risk factor for EOCRC: Systemic Meta-Analysis

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Agazzi, et al 2021 0.0953 0.2684 6.1% 1.10 [0.65, 1.86] v
Koo, et al 2016 0.4762 0.1585 17.6% 1.61[1.18, 2.20] b
Kwak, et al 2015 0.392 0.1332 24.9% 1.48 [1.14, 1.92] o
Lee, et al 2016 0.47 0.2053 10.5% 1.60[1.07, 2.39] -
Low, et al 2020 0.1044 0.1127 34.8% 1.11[0.89, 1.38] Ed
Shen, et al 2021 0.239 0.2687 6.1% 1.27 [0.75, 2.15] v
Total (95% CI) 100.0%| 1.33 [1.17, 1.52] e
Heterogeneity: Chi’ = 6.01, df =5 (P = 0.31); I’ = 17% 015 UI? 1 1=5 é

Test for overall effect: Z = 4.32 (P < 0.0001) Favours [Non-smoker] Favours [Current-smoker]

. . . 7 )
Li et al: International Journal of Colorectal Disease, 2023 %/ VANDERBILT-INGRAM CANCER CENTER



Sex and Tumor-Site Association With Alcohol Intake

With the Risk of EOCRC (Korea: 2009-2019)

Overall Proximal Colon Distal Colon Rectum Unspecified
Early-Onset CRC Colon
2.0 - 2.0 2.0 - 2.0 4 2.0
° N=567M P for trend < .0001 Pfor trend = .572 P for trend = .013 P for trend < .0001 P for trend = .127
* Median F/U =9.1 yrs
* EOCRC: N=8314 S S 15 S 15
* Dose-response for E“'Z,' %“'Z; “f,_,j
mod-heavy vs. light ?5:':' 25:':' o =
o pe I
* But when stratified | = 1. © 1.0 Je——< - ® 1.0+ -t e
by sex, only applied
to males |
e 7%, 14%, and 27% 05 b—mr—r 05 b—mermer— o5 L—m— 05 L—mr— 0.5 L—mr——mr—
increased risk for 0 12 34 5 0 12 34 5 0 12 34 >5 0 12 34 >5 0 12 34 35
1-2, 3-4, and =5 Time (d/wk) Time (d/wk) Time (d/wk) Time (d/wk) Time (d/wk)

d/wk *nondrinker, light (reference), moderate, and heavy drinker were defined as 0, <10, 10 to <30, and 230

g/d for men and 0, <10, 10 to <20, and >20 g/d for women (1 shot =42 g)

. %7 VANDERBILT-INGRAM CANCER CENTER
Jin et al: JCO, 2023



Association of Female Obesity with EOCRC

Age-Adjusted RR
(95% Cl)

Multivariable-
Adjusted RR
(95% CI)?

1 [Reference]
1.27(0.71-2.24)
1.32(0.79-2.22)
1.86(1.13-3.06)
1.18(1.04-1.35)
.01

1 [Reference]
1.33(0.75-2.36)
1.37(0.81-2.30

1.20 (1.05-1.38)
.01

1.93 (1.15-3.25)

No. of No. of
Variable Cases Person-Years
All Participants
Current BMI
18.5-22.9 29 455250
23.0-24.9 20 217271
25.0-29.9 30 296763
230 35 230165
Each 5-unit increase NA NA
P for trend® NA NA
Participants Without Family History of Colorectal Cancer
Current BMI
18.5-22.9 25 429876
23.0-24.9 17 205824
25.0-29.9 27 280184
=30 30 216759
Each 5-unit increase NA NA
P for trend® NA NA

1 [Reference]

1.22(0.66-2.27)
1.36(0.79-2.36)
1.82(1.06-3.11)
1.17(1.01-1.35)

.03

1 [Reference]
1.27 (0.68-2.36)
1.40 (0.81-2.44)

1.18 (1.02-1.38)
.03

1.88(1.07-3.30)

Liu et al: Jama Onc, 2018

The Nurses’ Health Study IlI: 25 to 42 y/o (1989-2011).

85,256 women NED at enrollment were included

114 cases of EAOCRC

Median follow-up was 13.9 years

VANDERBILT-INGRAM CANCER CENTER



Changes in Weight in Men from Childhood to
Adulthood Associated with Colorectal Cancer

Weight status n Cases (n) HR 95% Cl1 P

Age 7 years  Age 13 years  Early adulthood

NW NW NW 54273 614 1.00  Reference

NW/OW NW/OW NW 1909 17 0.83 (0.51; 1.34 0.45
NW/OW NW/OW OW 4312 56 1.34 (1.02; 1.76) 0.04
oW oW oW 704 17 [262 (162425 <0001

« Weight and height were measured at 7 or 13 years and in early adulthood (17-26 years)
in 64,675 boys in the Copenhagen School Health Records Register and the Danish
Conscription Database.

« Cases of colon cancer (n = 751) were identified in the Danish Cancer Registry.

Jensen et al: Int J of Obesity, 2018 VANDERBILT-INGRAM CANCER CENTER



Metabolic Syndrome: Risk of EOCRC

Participants with conditions, No. (%)

Cases Controls Multivariable-adjusted OR (95% Cl)*  Multivariable-adjusted OR (95% CI)t
MetS 280 (6.0) 1763 (4.3) 1.39 (1.22 to 1.60) 1.25(1.09 t0 1.43)
Number of comorbid conditions#
0 2847 (60.9) 26729 (65.5) 1 (reference) 1 (reference)
1 1048 (22.4) 8525 (20.9) 1.15 (1.06 to 1.24) 1.09(1.00t0 1.17)
2 519 (11.1) 3957 (9.7) 1.22 (1.10 to 1.35) 1.12(1.01 t0 1.24)
>3 259 (5.5) 1621 (4.0) 1.48 (1.29 t0 1.70) 1.31(1.13 10 1.51)
Per condition 1.12 (1.08 to 1.16) 1.07 (1.03t0 1.11)
Porend <0.001 <0.001
MetS 2195 (14.7) 16602 (12.6) 1.20 (1.14 to 1.26) 1.21(1.1510 1.27)
Number of comorbid conditions#
0 5520 (37.0) 49434 (37.4) 1 (reference) 1 (reference)
1 3987 (26.7) 36165 (27.4) 0.99 (0.95 to 1.03) 1.03 (0.99 to 1.08)
2 3282 (21.9) 30304 (22.9) 0.97 (0.92 t0 1.01) 1.01 (0.96 1o 1.06)
>3 2139 (14.3) 16217 (12.3) 1.18(1.12 to 1.24) 1.22(1.1510 1.29)
Per condition 1.03 (1.02 to 1.05) 1.05(1.03 t0 1.07)
P <0.001 <0.001

trend

Chen et al: Gut, 2020

. ¥
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Case Control Study of Antibiotics: EOCRC

Colon <50 years Colon >=50 years
N(case)/N(controls) aOR(95% CI) N(case)/N(controls) a0OR(95% CI)

Any antibiotic Any antibiotic

0 days 148/725 b 1.00 0 days 2570/10297 b 1.00

1-15 days 87/281 —_— 1.55 (1.09, 2.20) 1-15 days 1363/4959 —— 1.09 (1.00, 1.19)

1660 days 441162 —_— 1.46 (0.91, 2.33) 16-80 days 832/3027 — 1.08 (0.97, 1.20)

>B60 days 10/49 0.99 (0.45,2.19) >60 days 227/789 —_—— 1.11 (0.93, 1.31)
ptrend=0.177 ptrend=0.082

Anti-anaerobic effect Anti-anaerobic effect

0 days 182/831 : 1.00 0 days 3165/12478 : 1.00

1-15 days 74/251 ——t——— 1.44 (1.01, 2.05) 1-15 days 1281/4624 — 1.08 (0.99,1.17)

16-60 days 28/106 e 1.20 (0.71, 2.03) 16-60 days 452/1618 —— 1.09 (0.96, 1.23)

>60 days <=5/29 0.79 (0.27, 2.27) >60 days 94/352 —_— 1.06 (0.83, 1.35)
ptrend=0.386 ptrend=0.105

Non anti-anaerobic effect Non anti-anaerobic effect

0 days 198/914 g 1.00 0 days 3407/13331 b 1.00

1-15 days 721236 ——— 1.39 (0.97, 2.00) 1-15 days 1137/4088 T 1.05 (0.97, 1.14)

1660 days 15/56 1.07 (0.54, 2.14) 16-60 days 369/1397 — 0.94 (0.83, 1.08)

>60 days <=5/11 2.52 (0.72, 8.74) >60 days 79/256 —— 1.05 (0.80, 1.37)
ptrend=0.108 ptrend=0.945

I I I I I I I I I I I l
25 5 8 112 2 4 25 5 8 112 2 4
Decreased risk Increased risk Decreased risk Increased risk

* Scotland (1993-2011); PCP practices (N=393)
 EOCRC (N=445) vs. AOCRC (N=7903) vs. Controls (N=30,418)
* Associated with colon cancer in EOCRC [ORR: 1.49 (95% ClI 1.07, 2.07), p = 0:018] and AOCRC [ORR: 1.09 (1.01, 1.18), p = 0-029)].

* Not associated with rectal cancer
*AOCRC = average-age onset CRC

VANDERBILT-INGRAM CANCER CENTER

McDowell et al: BJC, 2022



Diet and Antibiotics May Impact Dysbiosis

Eng et al: Lancet Onc, 2022

High fat
diet

Kh

Diet-induced

obesity

+

Disruption
of the anaerobic
Might i i A environment
mitochondrial
function

“h

Escherichia coli

Other

environmental
factors influence
bioavailability of
host derived

nitrate
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Adulthood

Adolescence

Prenatal/ .
Zygote perinatal period Infancy Childhood

1 J &

A
S b * |n vitro fertilization * Parity * Breastfeeding Lifestyle Chronic health conditions :

I e t I m e » Other reproductive ¢ Caesarian delivery ¢ Antibiotic exposure e Diet * Medications * Diabetes :
technologies e Term of birthand  * Growth and » Supplement use @ Sleep habit = Inflammatory bowel :

birth weight development ® Exercise * Bowel habit  disease :

¢ Smoking » Others * Obesity E

. * Alcohol o Others
X p O S u re Maternal lifestyle, diet, disease, medications consumption L eeeeeeees
(]

Blood Saliva Urine Stool

B e et o o i o o

Germline genetics

Akimoto et al. Nat Rev Clin Oncol 2020. %7 VANDERBILT-INGRAM CANCER CENTER




Symptoms of EOCRC and
Timing of Diagnosis




Matched Case Control Study:

Signs and Symptoms of Colorectal Cancer

* N=5075 (EOCRC)
* US commercial insurance database
* N=113M
* 2006-2015
* >2yrsof enrollment
*A total of 983 cases have had > 1 or more 4 red-
flag signs and symptoms associated with increased
risk of EOCRC between 3 months and 2 years prior
to diagnosis
* Relative risk:
e 1sx:1.94-fold (95% Cl =1.76 to 2.14)
e 2sx’s:3.59-fold (95% Cl = 2.89 to 4.44),
e 3x’s:6.52-fold (95% Cl = 3.78 to 11.23)

Any signs/symptoms®

1 sign/symptom® (n=792)

Abdominal pain (54%)
Rectal bleeding (31%)
Diarrhea (6.8%)

Iron deficiency anemia (7.8%)
2 signs/symptoms® (n=159)

Abdominal pain/Rectal bleeding (36%)
Abdominal pain/Diarrhea (31%)

Abdominal pain/lron deficiency anemia (14%)
Rectal bleeding/lron deficiency anemia (11%)

Other (9%)

23 signs/symptoms® (n=32)

Abdominal pain/Rectal bleeding/Diarrhea (56%)

Abdominal pain/Rectal bleeding/lron deficiency anemia (28%)

Fritz et al: INCI, 2023

Other (16%)

0

Time to diagnosis, mo

3 & 8 10 12 14 16 18 20
| 8.7 (4.8 to 15.9)
| ] il 87(5.0t017.3)
[11.7
| 74 _ |
[ 1  J104 |
| [10.3 |

| 5.8 (4.0t09.9)

! [2.8 L

[78

6.6

| 4.8(3.8107.2)

[ | |
N |
5.8

. ¥ 4
.

¥
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Are Molecular Alterations
Different in Sporadic

EOCRC?




Genomic Landscape (N=18,218 specimens)

-
L=
i

N= 1,420 (< 40 y/o)
N= 3,248 (> 40 - 49 y/o)
N= 13,550 (> 50 y/o)

& 8

s
L=
r

Percentage of patients

&

EPLPIIS P EFTIFPEIRPELLEELL T EEF

100
MSS (13,376 samples)
2 8
4 « Blue=<40ylo
5 « Orange = > 50 y/o
g
.
o 20
0 I_I me mB - m i

TPS3 APC KRAS PIK3CA CTNNB1 BRAF AMER1 NRAS MLH1

7 VANDERBILT-INGRAM CANCER CENTER
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MSKCC EOCRC vs. AOCRC: 2014-2019

ittt hiitdib: TaTh PREAT AR Early Onset: ages

* = Early Onset: ages 36-49 (n=587 Average Onset: ages 50-93 (n=626
Early Onset CRC - Average Onset CR( 14-35 (n=143) ye 9 ( ) 9 9 ( )
y Comparisons
AR IIL A | VTR 71 0 YW OG0 1 ARED OO0 O L YT [RURTR IR T (RIRRTE TR AR S TR L S RTINS T DR N R ]

EO sporadic CRC . . .. AO sporadic CRC KRAS [ 6 42« 48%
with clinical data (n=759) Baseline Characteristics B with clinical data (n=687) SMAD4 jm n 17% B {— [ 155 | m— (- 19%
PIK3ICA Vi " 13 e — b — 154 | — i e 17w

z0q [Nl s~ [l [ | 1 . s [ | 11 | 6%

~ FBXW7 . P w Bs [N me (PO - 9 I " — i i omm O

EO sporadic s q a . AO sporadic sox9 Wi s 7w oo - LI - Bs  mi) e | — e i 10%

- omatic Genomic Alterations | = S— - - -

( / MSS ERE (n=6z6) | | L I N | BT Y | ex [ ha RN 5
TCF7L2 e " Bs ¥ 00 a - N v - 7w i N {1 - ' o - Bur

BRAF T 3% " (TNl . Bw ' howie i m | - Bx

i 4 (8] i Il 5 { | 4

Metastatic EO sporadic . \ Metastatic AO sporadic FIEN L l - - } I I* — - ! ’ b I . | - " ot 4 by

MSS CRC (n=565) Survival and Response | MSS CRC (n=575) ErBB2 | | [ 5w | i i JIhSH R | 4 1 [N | (I T L | B Bn

-~/ myc [T RO | | ] | i | B B | 5 S === 4
nexs1 |10 JI 5~ | I | morer o1 4« NN I i I 26

TP53 wanimmms nwsmemes 52 moemOiw 0w S e — - B2n W e — i - T3n

EO CRC with germline . . AO CRC with germline APC inmmmm s m | /5 6 i —— —m——— - — T — — ] — " " — T

Futative driver mutations Srrm::':.l.'arhm . = Right-sided s Rectumn
= Missense w Inframe InDel s Amplification = Rearrangement
u Truncating = Intronic s Deep Deleticn SLaflgiced NIA

No difference in early onset CRC:
Genomic alterations vs. average-age onset CRC (MSS)

Cercek et al: JNCI 2021 %7 VANDERBILT-INGRAM CANCER CENTER
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Evaluation of genomic alterations In
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Results — Baseline genomic characteristics

30 (3.6%)
265 (12.3%) : 16 (1.9%)
1612 (20.2%)
10.00 122 (5.7%)
228 (2.9%)
i e
(T) 1.00 Ageroup
= e Average
e Early
1761 (82.0%) [ 6138 (76.9%) 791 (94.5%) 1819 (97.3%)
0.10}
0'01;33& s 00 © e ¢ OmEDOTDO L 1)
—————— Earl Average Early Average
0.1 1.0 10.0 100.0 1000.0 ? .
TMB mss/TvB-Low i Mss/TMB-High [l MSI—High/TMB-High Il
TMB-High is = 20 Mut/Mb EOCRC was 3.2 times more likely to be

MSS/TMB-High compared to AOCRC (p<0.001)
2013 ASCO et L ASCO sy
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Results

Overall cohort:
Mutational landscape similar compared to previously published studies

W Early n = 3,084

L
o
1

mAverage n=10,150

Percentage of patients
] w I
o o (=]
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% - % A \ 9 AP 49 BN D
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2023 ASCO PN  reesevreosy: Eric M. Lander, MD ASCO ussseare
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Key genomic differences between EO and AO
(significance: adjusted p-value < 0.05)

MSI-H/TMB-High: EO compared to AO has:
More KRAS mutations (46% vs 15%)

More PIK3CA mutations (47% vs 28%)

More ERBB2/3 mutations (16% and 13% vs 7% and 5%)
A Fewer BRAF mutations (8% vs 65%)
« Average Fewer RNF43 mutations (25% vs 59%)

* Early

MSI

MSS/TMB-High: EO compared to AO has:
e More POLE mutations (65% vs 35%)
e Fewer ACVR2A mutations (32% vs 51%)

MSS/TMB-Low: No relevant differences

2023 ASCO #ASCO23 presenteD BY: EMC M. Lander, MD ASCO éﬁ‘ﬁfé‘i‘t’éi‘éﬁlf&?
ANNUAL MEETING Presentation is property of the author and ASCO. Permission required for reuse; contact permissions@asco.org. KNOWLEDGE CONQUERS CANCER

Content of this presentation is the property of the author, licensed by ASCO. Permission required for reuse.



WORLD CONGRESS ON

80, Gastrointestinal

Tumor mutational signhatures in

early-onset versus average-onset colorectal cancer

Eric M. Lander', Samuel Rivero-Hinojosa?, Vasily N. Aushev?, Minetta C. Liu?, Adham Jurdi?
Cathy Eng’

Division of Hematology/Oncology, Vanderbilt-ingram Cancer Center, Nashville, TN, USA
2Natera, Inc. Austin, TX, USA
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Results — Overall Cohort

e POLE exonuclease domain signature 4.2 times (p<0.001) more likely in EOCRC.
e Thiopurine chemotherapy signature 2.8 times (p<0.001) more likely in EOCRC.
e Damage by ROS signature was 3.2 times (p<0.001) more likely in EOCRC.

Early n=2697

69.63%

%7 VANDERBILT-INGRAM CANCER CENTER

Average n=9773

0.26%
‘' o '
0.85 3%

Lander et al: WCGIC 2023

Signature

Clock-like
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Addressing the Unmet
Needs of EOCRC Patients




Physical wellbeing
and symptom
~— | management T
Academic, Mental and emaotional
professional, and wellbeing and
career ambitions psychosocial distress

(] [ [ / \

O pt I m I Z I n g Fertility preservation and Religion and spirituality
t h C f reproductive health \
/ Social, family, and role

Financial guidance, functioning

E 0 C RC employment assistance,
and financial toxicity
[
P at I e n t s \ Existential concerns: isolation,
freedom, identity, meaning,

Genetic counselling and mortality
Diagnosis Cancer treatment Survivorship
Exercise and nutritional Uncertainty and fear of
counselling the unknown
Developmental Loss of dignity
Concerns and legacy
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National Colorectal Cancer
Screening
Recommendations




Revised Colorectal Cancer Screening Guidelines

("\\

U.S. Preventive Services

' TASK FORCE
Recommendation Summary
Population Recommendation Grade
Adults aged The USPSTF recommends screening for colorectal cancer in all adults aged 50 to 75 years.

50 to 75 years

See the "Practice Considerations" section and Table 1 for details about screening strategies.

Adults aged
45 to 49 years

The USPSTF recommends screening for colorectal cancer in adults aged 45 to 49 years.

See the "Practice Considerations" section and Table 1 for details about screening strategies.

Adults aged
76 to 85 years

The USPSTF recommends that clinicians selectively offer screening for colorectal cancer in adults aged
76 to 85 years. Evidence indicates that the net benefit of screening all persons in this age group is small.
In determining whether this service is appropriate in individual cases, patients and clinicians should
consider the patient's overall health, prior screening history, and preferences.

https://www.uspreventiveservicestaskforce.org/uspstf/recommendation/colorectal-cancer-screening %7 VANDERBILT

-INGRAM CANCER CENTER



Vanderbilt-Ingram Cancer Center:
Impact of Education and Awareness on EOCRC

Rectal bleeding
with or without
a bowel movement.

Anemia or low
red blood
cel count.

A change in your stool,
or more harrow
stools than usuval.

Unusual or frequent Losing weight
diarrhea without frying.
or CongipaHiaR — o
If you have any concerns at all, talk to your doctor,
- =

https://www.youtube.com/watch?v=nUh3V9an6So

Get a colonoscopy..
-Starting at 49.
-Or sooner if:

-You have a family history
of colorectal cancer.

-You have a personal history
of polyps, ulcerative colitis,
or Crohn's disease.
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In Memoriam:
JC - “Cancer
Thriver”

“When you die it does not mean you lose to cancer, you beat cancer by how you
live, why you live, and in the manner in which you live.”
Stuart Scott
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Up! Never Give In! CRC Fund
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http://www.youngadultswithcancer.com/
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