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EOCRC is increasing

#= 14.8 per 100,000

#14 in AAPC: 2.13%
®= median age 72yr 4 66yr

Average Annual Percent Change (AAPC), %
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*Exceptions are Costa Rica and Spain (2005i 16) and Japan (20061 15).

In 27 countries (2008 12017%)

—4=11.4 per 100,000
#5 in AAPC: 3.59%

& / /\ \ e T —A { L—
N ?LT NPt £ =
Gl ﬁr_/ ‘
W 7/ N
e i
> A
Lf\ )~ EC/}
\ ‘ Lo A0 4
3

11.6 per 100,000
AAPC: 2.92%

8.9 per 100,000
AAPC: 3.24%

| | == 7.6 per 100,000
1 | AAPC: 2.76%

Adapted from Sung et al., Cao, Bray, Jemal, Lancet Oncology, 2025



EOCRC clinicopathological features

Majority are left -sided

Distribution of Primary Tumor Location
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Advanced stages, poorly differentiated
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Majority are sporadic

CRC: Early onset

75-84%
Sporadic cases
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CRC: All ages

@ Lynch syndrome

@ APC mutation

O Biallelic MUTYH mutation
@ Other mutations
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Sinicrope, NEJM, 2022



EOCRC genomic landscape

A 4983 EOCRC vs. 12150 LOCRC (8 countries) Country EOCRC (%)
A Target panel + WES USA 82%
China 13%

Other 6 countries 5%

A EOCRC:
A Higher mutation frequency in 137 genes including TP53, TCF7L2, CTNNB1

A Lower mutation frequency in 6 genes: BRAF, RNF43, SOX9, AXIN2, HNF1A, ELF3

EOCRC vs LOCRC
Hypermutated Non-hypermutated

y APC, § KRAS, § CTMNBPS3
7 BRAF, Z RNF4342 BRAF, Z KRAS

Li et al., Lancet Oncology, 2025



EOCRC mutational signatures

A 132 EOCRC vs. 849 LOCRC (11 countries)
A WGS T/N
A Colibactin signatures (SBS88, ID18) more common in EOCRC

Colorectal cancers

ASR per - 1IIm Total 981
SRS SLENENER Number of Countries 11
(n:gfg_?oztt‘zm .- - Europg
< ’ e Russia Russia 147
\ (n=147; 11.6% EO) Poland 94
Czechia — ! Serbia 83
(n=56; 8.9% EO) ; HJ* Czech Republic 56
Serbia yre=Jdapan Asia
(n=83: 9.6% EO) o (FFREHERED) Iran 111
(n=111; 25.2% EO) bt il Thailand 104
Colombia Sgis (n=104;10.6% EO) Japan 28
(n=36; 22.2% EO B‘ (i South America
(n=158;10.1% EO) Brazil 159
) Argentina 53
Colombia 36
Argentina North America
(n=53; 9.4% EO) Canada 110

Diaz-Gay et al., Nature, 2025



EOCRC mutational signatures

A 132 EOCRC vs. 849 LOCRC (11 countries)
A WGS T/N
A Colibactin signatures (SBS88, ID18)
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Challenges and opportunities

Kuh & Ben-Shlomo, Oxford 2004
Hanson et al, J Clin Transl Sci 2020
Wright & Hanson, Trends in Cancer 2022
Wagner et al, Lancet Public Health 2024
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In EOCRC risk factor discovery
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Challenges

Opportunities

Cancer is rare

New data collections

Efficient study design

Lack of longitudinal data
across the lifespan

Lack of repeated
biospecimen collection

Data fusion
(cohorts, EHR-biobanks,
clinical, mobile, geocoded,
multi-omics)

Reproducibility

Casual inference
(e.g., G methods, life course
mendelian randomization)

Systems and network
modeling




EOCRC risk factors that are common and emerging
In recent generations ( Cao lab, 2017+)

Hofseth et al., Nat Rev Gastro, 2020
Sinicrope, NEJM, 2022

Zaki et al., Nat Rev Gastro, 2023
Du et al., Nat Rev Endocrinol, 2025

Obesity
JAMA Onc, 2018
0 Metabolic comorbid
Poor diet quality conditions
JNCI, 2019 Gut, 2019

=Q

Sugar sweetened ) Diabetes
beverage = m Gastro Hep
Gut, 2021 | | <]  Advances, 2022
Sulfur - NAFLD

microbial diet Hepatol Commun, 2022

Gastroenterology, 2021

Sedentary behavior
JNCI Cancer Spectr, 2018
JAMA, 2019

Birth via C-section
JAMA Netw Open, 2023
Drinking pattern
(timing)
Gastroenterology, 2023



Recent evidence on antibiotic use

A Nested case-control study, Kaiser Permanente Northern California
A 1359 EOCRC vs. 4711 controls

No associations for antibiotic type (any, by spectrum, bacterial target,
class) and duration of use

Time Interval for Antibiotic Use Prior to Index Date

Antibiotic Type No Previous Use 2-4 y vs No Prior Use 5-7 y vs No Prior Use >8 y vs No Prior Use

Any
Cases 99 194 191 254
Controls 306 643 614 868
OR (95% CIy° 1.00 (Ref) 1.00 (0.78-1.30) 1.06 (0.83-1.37) 0.88 (0.64-1.21)
OR (95% CI)” 1.00 (Ref) 1.01 (0.78-1.30) 1.07 (0.83-1.39) 0.88 (0.64-1.21)

Kane et al., Clin Gastroenterol
Hepatol, 2025

Lu et al., JNCI, 2021
Nguyen*, Cao* et al., CTG, 2022
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Team:

PROSPECT

CANCER GRAND CHALLENGES TEAM PROSPECT o

PRO SPECT (2024 -2029, 25 million direct cost)

Pathways, Risk factors, ananOleculeSto Prevent Earlyonset Colorectal Tumors

Team leads:

Yin Cao
Washington University  in St. Louis

Andrew Chan
Massachusetts General Hospital

Team science
on a global

e NATIONAL :
RESEARCH CANCER © _ FRANGAISE.
% INSTITUTE Bowelbabe Fund i Institut Mational
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https://www.cancergrandchallenges.org/prospect

TEAM PROSPECT
CANCER :’ Tecrr
GRAND PROSPECT

Yin Cao, ScD, MPH (co -TL) Andrew Chan, MD, MPH (co -TL) [

Cancer epidemiology Gastroenterologist; Cancer prevention
B= Washu Mass General Hospital ==

Gary Patti, PhD
Exposomics/Metabolism
E= washU

Tim Spector, MD

Clinician; Genetic epidemiology; precision nutrition
Ki ngds Col | :: London

- Bhawna Sirohi , MBBS, FRCP
+~30 collaborators ( ALY Medical oncologist; Global oncology

BALCO Medical Centre
(32% early stage) —
+~30 future leaders
+~15 cohorts/biobanks
7 countries

Nicola Segata, PhD
Computational biology
I . U Trento

Omer Yilmaz, MD, PhD

Pathologist; Stem cell biology
MIT B

Emily Balskus , PhD

Chemical biology
B= HHMI, Harvard

Yasmine Belkaid , PhD
Immunology
Institut Pasteur [j |}

Jason Buenrostro , PhD
Cellular & molecular biology
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— Harvard Curtis Huttenhower PhD

Computational biology
Broad Institute ==
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PIONEERING PATIENT ENGAGEMENT IN RESEARCH o

Team:
PROSPECT

nNnWe found the meaning
A PAs actively engage in all levels of

science
nWe | earned how to com
and uncertainty behind

A PAs developed 5 big picture
guestions to help our future leaders
communicate science

ANThey are our bridge t
A Instagram: 993K views with extensive
engagement
A Media engagement: Times, BBC,
Tel egr aph, Sun, Dai
Lorraine
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Prevalence of obesity, NHANES 1976-2018
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Prevalence of diabetes mellitus, NHANES 1980-2018
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EOCRC: an emerging disease of metabolic dysregulation
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1§ I~ Chronic, low-grade
inflammation induced
h Macrophages ’ . by obesity or T2DM
s~ (for example, CRP, IL-6,
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ut epithelium damage , Decreased
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of gut integrity
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Bacterial translocatlon
leading to inflammation

Du et al. Cao, Chan, Nat Rev Endocrinol, 2025

Altered gut microbiome

= Pathogenic bacteria
-Stimulate oncogenic signalling
-Promote inflammation
~Suppress anti-tumour immune response

* Metabolites
~Promote inflammation and tumorigenesis
~Cause DNA damage and impaired intestinal
barrier
-Regulate immune function and intestinal transit
time via gut-brain signalling
-Promote insulin resistance and enhance
tumorigenesis through the insulin-PI3K pathway



Mapping exposome throughout life course (Longitudinal)

Excess BMI-Years
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Hazelton*, Ni*, Harlass* et al., Cao, medRxiv



Emerging risk factor/mechanisms:

a Cancer initiation

Oncogenic mutation
APC

-
- =y

b cancerprogression

Oncogenic mutation
KRAS, p53, SMAD4

VAN AN AN

Clock disruption

Genetic mutation

@I@ Shift work

Light at night

-
" ol ™

circadian dysregulation

Circadian regulation
coordinates cell cycle
control, DNA repair,
immunity, and
metabolism in both
ﬁ homeostasis and
cancer; yet except shift

work, human evidence
IS limited.

Fortin et al., Cao, Pannunzio, Masri, Nature Cancer, 2025



Emerging framework: tumor age

A Tumor age defines time from first
neoplastic cell to diagnosis;
crucial to understand EOCRC
biology.

A EOCRC may evolve faster than
standard-onset CRC proposed as
Af atsrtacko tumor i

A Lowering screening age alone is
Inadequate for early detection.

The tumor“age”implications in secondary
prevention of early-onset colorectal cancer

gene

Adenoma

S

4

- o

-

Carcinoma

Standard-onset colorectal cancer

5-10 year progression

@Tumor“age”unchanged in early-onset cases

i 8-1 0 year progression

* Ancestor cancer cell developed in childhood or in utero

* Conven tional screening approaches
potentially applicable

@ Early-onset colorectal cancer fast growth
1-2 year progression

* Ancestor cancer cell developed in young adulthood

* Conventional screening approaches ineffective

Invasive cancer

Mauri et al., Cell, 2025
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Proposed diagnostic pathways

Cassandra
Fritz

John
Carethers

1
PATIENT FACTORS

Patient notices symptoms

Abdominal pain Hematochezia

Diarrhea IDA

2
PROVIDER FACTORS

Symptoms reported to provider

» Increase symptom
awareness among
providers

- Address family
history for high-
risk screening

« Assess for
laboratory signs
(CBCand iron
panel)

3 Actionable steps for patients

1. Awareness - Know the signs

2. Act- Do not assume it's not
cancer

3. Appointment - Book a visit
with a primary care provider
within 1 to 2 months if
symptoms do not resolve

Actionable (CAN-do) steps for
providers

1. Consider CRC despite age

2. Assess and document family
history in the EHR

3. Navigate competing
priorities (schedule
follow-up in 4 weeks)

to improve EOCRC early diagnosis

@ O

of early-onset CRC or reassurance

PATHWAY 1 - ENDOSCOPY

Hematochezia, IDA,
and individuals
meeting high-risk
criteria should be
considered for
direct and urgent
endoscopy

PATHWAY 2 - TRIAGE

Abdominal pain,
diarrhea, or IDA
could be considered
for symptomatic
triage with only
positive FIT results
going to endoscopy

PATHWAY 3 - ACTIONABLE REASSURANCE

For patients with acute symptoms and low suspicion for
early-onset CRC, patients and providers should schedule a
follow-up appointment or virtual check-in 4 to 8 weeks
after initial presentation. If symptoms are still present,

the provider should reconsider pathway 1 or 2. If
symptoms have resolved, reassurance and education
should be provided.

Fritz, George, Carethers, Cao, Annual Review of Medicine, 2025



Conclusions

AWe have made important strides in defining EOCRC molecular features,
clarifying risk factors, and identifying gaps in early detection

AYet much work remains to truly advance prevention.

AWe need all to drive this revolution!

I Epidemiologists, biologists, geneticists, data scientists, environmental scientists,
chemists, toxicologists, behavioral and implementation scientists, economists,

model i ngée
IPolil cy maker s, heal th providers, teache
IFundi ng agencies and philanthropic supp

I Next generation of interdisciplinary scientists!!
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We look forward to
collaborating with
you!

yin.cao@wustl.edu
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Georgia CORE replaces dozens of bar seat§
with weird looking stools to remind people
to check their stool for weird symptoms of
colorectal cancer.
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bars around GA with discolored, wobbly, ; =
weirdly shaped stools that have a plaques

warning of colorectal cancer signs.
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Georgia Core x CHEMISTRY
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atlanticgrill_as
Atlantic Grill

odbe atlanticgrill_as Notice something a little weird
about this barstool? «« It's for a good cause!
We've partnered with @GeorgiaCORE to spark
conversations about colon cancer awareness.
Take a seat, learn more, and don't forget to get
screened—early detection saves lives. @
#WeirdLookingStools #ColonCancerAwareness
#AtlanticGrillAS @atlanticstation

ga.core Thanks for helping us spread this
lifesaving message! i,
w Reply

<

Qv W

" Liked by wmbenham and 24 others

@ Add a comment...



ALONG WITH
SIGNAGE,
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AND COFFEE
SLEEVES WI
MORE INFO




WE CREATED A
LANDING PAGE
FOR MORE INFO,
LINKS, AND
LEARNING.
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About Research Education Reosources Screoning & Genetics Find Cancer Care Patient Navigation Survivorship Modia & Events

GEORGIA

Georgia's Online Cancer Information Center
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VEIRD LOOKME STOOLS iy v marrers THESTOOLS WHERETOFINDTHEM PARTNERS & SPONSORS TAKE ACTION COLON CANCERIS THE 2ND LEADING

CAUSE OF CANCER DEATH IN BOTH MEN
AND WOMEN IN GEORGIA.!

INTE 0G
RESEARCH & EDUCATION

By 2030, it's projected to be #1 for people under 502 Cases in young aduits are rising
fast. The good news? Caught early, colon cancer is highly preventable.

These symptoms could be signs of a larger issue.

VEIRD LooNNE STOOLS
COULD MEAN COLON

CANCES. (

. g
 m '/5

UNEXPLAINED WEIGHT LOSS  CHANGES IN BOWEL HABITS BLOOD IN STOOL

TA'E THEWIZ

Check out this quiz to see your level of risk for colon cancer.

TAKE THE QUIZ !

BROUGHT TO YOU BY *

NGEORGIA

‘ ('I e LOOK DOWN TO STAY AHEAD
Strengthening Georgia's Cancer Fight

SIGNS AND SYMPTOMS?3

« Stomach pain

« Unexplained weight loss
« Changes in bowel habits
« Blood in stool

+ Funky or skinny poop

« Diarrhea

« Anemia

« Fatigue

COLORECTAL CANCER

Genetics can also play a role. Consider your family history if you have a relative diagnosed with colon cancer.




WE ACTIVATED

PAID MEDIA FOR
FURTHER REACH
AND [MP AGERRESE S

Georgia Core  x CHEMISTRY




OVER 50 BILLBOARDS ACROSS ATL & HIGH INCIDE

MARKETS LIKE APPLING, EMANUEL, LEE, TERREL
WARE, SUMTER, STEPHENS, BURKE



