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Objectives: What do we know?  What do we 
not know?

• What is the gut microbiome?

• Factors that impact the gut microbiome

• What has been discovered about the gut microbiome and 
colorectal cancer?

• Future Directions



The Gut Microbiome

• Christopher Lieu, MD, University of Colorado



https://my.clevelandclinic.org/health/body/25201-gut-microbiome

What is the gut microbiome?

• A biome is a distinct ecosystem 

characterized by its environment and 

its inhabitants

• Your gut — inside your intestines — is 

populated by trillions of microscopic 

organisms

• These microorganisms include over a 

thousand species of bacteria, as well 

as viruses, fungi and parasites



Cresci et al. Adult Short Bowel Syndrome: 2019.

What is the gut microbiome?

• Your gut microbiome is unique to 

you

• Infants inherit their first gut 

microbes during vaginal delivery 

or breastfeeding 

• Later, your diet and other 

environmental exposures 

introduce new microbes to your 

biome



https://omedhealth.com/insights-hub/what-is-the-gut-microbiome/

What does the microbiome do?



What Factors Impact the Gut Microbiome?

Gut microbiome. Cresci, et al. Adult 

short bowel syndrome. 2018.

Torres Maravilla, et al. Role of gut 

microbiota and probiotics in colorectal 

cancer. Microorganisms. 2021



Ottman et al. Front Cell Infect Microbiol 2012.

Gut Microbiome Varies with Age



Brooks et al. PLoS Biol 2018.

Gut Microbiome Varies with Ethnicity



Life-course exposures with potential 
effects on CRC development

Akimoto et al. Nat Rev Clin Oncol 2020.



TAKE HOME POINTS

The gut microbiome is unique to all individuals

The gut microbiome helps with digestion, protects against other 
bacteria and illnesses, and helps to shape and regulate the 
immune system

Dysbiosis has been linked to many disorders including colorectal 
cancer

Gut microbiome varies by age and ethnicity, and alterations to the 
gut microbiome start as early as birth!

• Christopher Lieu, MD, University of Colorado



The Gut Microbiome and Colorectal Cancer

• Christopher Lieu, MD, University of Colorado



Eng et al. Lanc Onc 2022, Rebersek BMC Cancer 2021.

CRC:Thepotential impact of themicrobiome



Antibiotic use and Colon Cancer Risk

• Matched case-control study of incident 
CRC cases diagnosed in the UK between 
1989 & 2012 and up to 5 unaffected 
healthypatients

• ~29,000 CRC cases vs. ~137,000 controls

• Risk of colon cancer increasedafter 
antibiotic use in dose-dependent fashion, 
especially penicillins

• Prolonged antibiotic use appeared 
protective against rectal cancer

• Antibiotic-cancer association occurred 
after antibiotic exposure > 10 yrs prior to 
cancer diagnosis

Zhang J et al: Gut.2019

Protective effect

Increased risk



Factors associated with the microbiome and CRC
a confusing landscape!

Factor Outcome HR

Birth by cesarean delivery
Cao et al. JAMA Netw Open 2023

Females born by cesarean delivery 

had higher odds of EO-CRC

1.62

(1.01-2.60)

Women with a BMI > 30
Liu et al. JAMA Onc 2019

Females with a BMI > 30 had 

higher odds of EO-CRC

1.88

(1.07-3.30)

Obesity in men in childhood
Jensen et al: Int J ofObesity, 2018

Higher weights in childhood that 

persist had higher odds of EO-

CRC

2.62

(1.62-4.25)

BMI: Obesity in veterans
Low et al. Gastroent 2020

Obesity associated with lower

odds of EO-CRC

0.69

(0.55-0.86)

Antibiotic use and colon cancer
Zhang J et al: Gut.2019

Prolonged antibiotic use resulted in 

higher odds of colon cancer

1.17

(1.10-1.23)

Antibiotic use and rectal cancer
Zhang J et al: Gut.2019

Prolonged antibiotic use resulted in 

lower odds of rectal cancer

0.85

(0.79-0.93)



Gut bacteria shift from polyp formation to 
cancer progression

Torres Maravilla, et al. Role of gut microbiota and probiotics in colorectal cancer. Microorganisms. 2021



Bacteria Often Co-Occur in the Primary 

Lesion and the Liver Metastasis

Bullman et al. Science 2017.



What Do These Bacteria Do to 
Promote Cancer Growth?

Passenger? Driver?



Rebersek BMC Cancer 2021. Allen and Sears. Genome Med 2019.

Effect of the gut microbiome on the colon 
epithelial cell genome and epigenome



Fusobacterium nucleatum

• Associated with gingival plaque

• Seen in CRC associated with diets lacking whole 
grains and dietary fiber

• High levels seen in 7%, low or high levels seen in 
15% of CRC

• mostly right-sided, MSS (n = 598, mean age 67.2, SD 8.4)

• Associated with a lower density of immune cells

Mima et al. JAMA Oncol 2015, Mehta et al. JAMA Oncol 2017, Hamada et al. Cancer Immunol Res 2018.

Baylor College of Medicine



Metronidazole slows tumor growth in 
Fusobacterium-colonized mouse models

Bullman et al. Science 2017.

Cell line (cells on a plate) Colon cancer growing in a mouse



Is Fusobacterium. nuc. present in adenomas?

Rubinstein et al. EMBO Rep 2019, Kostic et al. Cell Host Microbe 2013.



Registry Cohort A

Patients with CRC 

< 45 years

 n = 48

Registry Cohort B

Patients with CRC 

≥ 65 years

n = 48

Prospective Cohort C

Patients with untreated CRC 

< 45 years

n = 16

Prospective Cohort D

Patients with untreated CRC 

≥ 65 years

n = 16

Prospective Cohort E

Normal controls 

< 45 years

n = 16

Tumor tissue obtained from 

biopsy or surgical 

specimen with paired 

normal tissue (if available)

Fecal sample obtained and 

fecal DNA extracted

Fecal DNA microbiome 

profile (repeated after 

chemotherapy)

Archived tumor DNA 

extracted

Tumor DNA 

microbiome profile

Fecal sample obtained and 

fecal DNA extracted

Fecal DNA 

microbiome profile

Tissue obtained from 

benign biopsy specimens
Benign tissue DNA

microbiome profile

Total n = 144

Tumor DNA 

NGS profile

Tumor DNA and benign 

tissue microbiome 

profiles

COSMO Microbiome Study

Weinberg, et al. J Clin Oncol 38, 
no. 4_suppl (February 01, 2020) 241-241.

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjVrpS2-YbfAhXjc98KHYNZChoQjRx6BAgBEAU&url=https://www.carislifesciences.com/&psig=AOvVaw2htNpb6c0SVlPhFn9KTX0X&ust=1544039472337145
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiq3MWS_obfAhWpmuAKHTkTCq0QjRx6BAgBEAU&url=https://www.foodsafetymagazine.com/products/clear-labs-releases-worlde28099s-first-gmo-test-based-on-ngs-technology/&psig=AOvVaw1_GQV8Li_3_3OUn5wjaFFl&ust=1544040741466668


Final Results (N = 63)
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EOCRC LOCRC

• Cladosporium sp. seen more in early-onset 

CRC

• F. nuc. was found in 30% of early and 

average-onset CRC (p = 0.94)

• Others were seen significantly more 

commonly in average-onset CRC (p < 0.05):

• Pseudomonas luteola

• Ralstonia sp.

• Moraxella osloensis
• Clostridium perfringens

• Escherichia coli

• Leptotrichia hofstadii

• Mycosphaerella sp.

• Neodevriesia modesta
• Penicillium sp.

• Leptosphaeria sp.Weinberg, et al. J Clin Oncol 38, 
no. 4_suppl (February 01, 2020) 241-241.



What we know:
We now know that various microbes (and microbial communities) 
are found more frequently in the stool and mucosa of individuals 
with CRC 

Gut bacteria shift from polyp formation to cancer development

Certain bacteria (fusobacterium) have been linked to colorectal 
cancer development

We also know that these microbes induce tumors in various mouse 
models

• Christopher Lieu, MD, University of Colorado



What we don’t know:

We know little about how the microbiome impacts colon epithelial 
cells (CECs) directly 

AND

How these interactions might lead to modifications at the genetic 
and epigenetic levels that trigger and propagate tumor growth

• Christopher Lieu, MD, University of Colorado



The future of the gut microbiome and 
colorectal cancer

• Christopher Lieu, MD, University of Colorado



Wong, et al. Gut microbiota in colorectal cancer: mechanisms 

of action and clinical applications. Nature. 2019.

Potential Clinical Applications: 

Targeting or Using the Gut Microbiome



Gut Microbiome Modulates Response to Anti-PD-1 
Immunotherapy in Patients with Melanoma

Gopalakrishnan et al. Science 2018.



Torres Maravilla, et al. Role of gut microbiota and probiotics in colorectal cancer. Microorganisms. 2021

Positive effects of microbiota and probiotics in CRC



• Guideline approved for recurrent/refractory C. difficile infections 
(2013)

• Fecal Microbiota Transplant can improve immunotherapy-induced 
colitis

• Phase I study of patients with melanoma receiving immunotherapy 
and a fecal microbiota transplant (n = 40 patients)
• 65% of the patients who retained the donors’ fecal microbiota had clinical 

responses to the combination treatment

Fecal Microbiota Transplant Capsules

Routy et al. Nature 2023.



Routy et al. Nature 2023.



What we need:

Need to implement more standardized analysis strategies

Collate data from multiple studies and institutions (a ton of data!)

This is an area where machine learning and AI may be helpful!

Utilize CRC mouse models to better assess these effects, 
understand their functional relevance, and leverage this 
information to improve patient care

• Christopher Lieu, MD, University of Colorado



THANK YOU



nccrt.org @NCCRTnews #80inEveryCommunity

Thank You



Diet, Nutrition, & Colorectal 
Cancer Research in the ACS 
Cancer Prevention Studies
Caroline Um, PhD, MPH, RD
Principal Scientist, Epidemiology Research
American Cancer Society 



Diet, Nutrition, & Colorectal 
Cancer Research in the ACS 
Cancer Prevention Studies

Caroline Um, PhD, MPH, RD

National Colorectal Cancer Roundtable Annual Meeting
November 15-17, 2023
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THE CANCER PREVENTION STUDIES (CPS)
For nearly 70 years, the American Cancer Society has conducted some of the world’s 
largest prospective epidemiologic cohort studies to understand risk factors for cancer 
risk as well as progression, quality of life, and survival after a cancer diagnosis.

Consent large 
groups of 

cancer-free 
people

Collect 
biospecimens 

and survey 
data

Follow over time 
for outcomes, 
updated data/ 

specimens

Cancer risk, 
survivorship, 
and survival 

research

Hammond-Horn CPS-I CPS-II* CPS-3*

Years 1952-1955 1959-1972 1982-2022 2006-present

Participants 188,000 1,000,000 1,200,000 304,000

Volunteers 22,000 68,000 77,000 25,000

With blood (or DNA) n/a n/a 40,000 (70,000) 297,000

* Tumor tissue for selected cancer types collected
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Calle EE, et al. Overweight, Obesity, and 
Mortality from Cancer in a Prospectively 
Studied Cohort of U.S. Adults. N Engl J Med 
2003. 

McCullough ML, et al. Circulating Vitamin D 
and Colorectal Cancer Risk: An International 
Pooling Project of 17 Cohorts. J Natl Cancer 
Inst 2019.

Chao A, et al. Meat Consumption and Risk of 
Colorectal Cancer. JAMA 2005.

Chao A, et al. Amount, type, and timing of 
recreational physical activity in relation to 
colon and rectal cancer in older adults: the 
Cancer Prevention Study II Nutrition Cohort. 
Cancer Epid Biom Prev 2004. 

DIET & NUTRITION RESEARCH FROM CPS

McCullough ML, et al. Prospective study of 
whole grains, fruits, vegetables and colon 
cancer risk. Cancer Causes Control 2003.

Um CY, et al. Association between grains, 
gluten, and risk of colorectal cancer in the 
Cancer Prevention Study II Nutriton Cohort. 
Eur J Nutr 2003.
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McCullough ML, et al. Circulating vitamin D and colorectal 
cancer risk: A pooled analysis of 17 prospective cohorts.
J Natl Cancer Inst 2019.

Circulating vitamin D and colorectal cancer risk: 
Pooled analysis of 17 prospective cohorts

All

Women

Men

CPS-II

Lower risk with circulating levels 
between 75-100 nmol/L
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Sugar sweetened 
beverage consumption 
and risk of cancer 
mortality among adults in 
CPS-II (1982-2017)

CPS-II

McCullough ML, et al. Sugar- and Artificially-Sweetened Beverages and Cancer 
Mortality in a Large U.S. Prospective Cohort. Cancer Epid Biom Prev 2022. 
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EVOLUTION OF FOOD

~2 million yrs ago
Hunter-gatherers

~12,000 yrs ago
Agriculture & farming

1950s
Convenience foods

1980s
Genetic engineering

2010s
Plant-based meat products

WHAT’S AHEAD IN CPS



WHAT’S AHEAD IN CPS

EVOLUTION OF DIETARY ASSESSMENT

Improved dietary 
          assessment



• Lifestyle, environmental, & social 
factors

• Host genetics
• Oral and gut microbiomes
• Host and fecal metabolomes

WHAT’S AHEAD IN CPS
Multi-omics research



Baseline Cohort:   1.2 million followed for mortality
Nutrition Cohort:  184,000 followed for cancer incidence & mortality

1982 19971992 1999 2001 2003

Deaths 
through 

2022

Cancer 
Prevention 
Study-II

Blood
(n ≈ 37,000)

Buccal cell
(n ≈ 70,000)

Tumor tissue collection

2022201720152013201120072005 2009



Enrollment Follow-up
2006 2009 20132011 2015 2018 2019 2020 2021 2023

Validation studies 
(2015-2016)

2024

(2019-2023) 
Accelerometry 

(n~20,000)

(2020-2023) 
Microbiome 
(n=10,000)

(2015- ) 
Tumor tissue

& digital pathology

(2020- ) 
Participant portal 

(n=75,000)

(2020- ) 
COVID-19 app 

(n=10,000)

(2024-2025) 
Repeat blood 

(n=10,000)

(2022-2023) 
HEALED
 (n=400)

Cancer 
Prevention 
Study-3

Beginning in 2015
• National Death Index linkage and state cancer registry linkages (every 2 years)
• Triennial follow-up surveys

Enrollment 
(survey, blood, waist measure) 
n ≈ 303,000

Substudies (2019- )



WHAT’S AHEAD IN CPS

Enrolling Participant Groups:

Survivor cohort arm: (Pilot launching Fall 2024)
• 15,000 women previously diagnosed with 

breast, endometrial, or colon cancer 
• 95% of excess cancer deaths for Black 

women attributed to these 3 cancers
• Age <65 years at diagnosis

Cancer-free cohort arm: (Pilot launched Oct 2023) 
• 85,000 women between ages 25-55 years
• No cancer history (except basal or squamous 

skin cancer) 

2023 Pilot Sites:
Atlanta, GA
Hampton Roads, VA

Racially/ethnically 
          diverse participants
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Recruiting:
• Postdoctoral Fellows
• Study Management staff
• Data analysts

Population 
Science

Principal 
Investigators

Data 
Analysts

Study 
Management

Biospecimen
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Disclosures

Olympus America (research support)

(NCCN Colorectal Cancer Screening Panel)

(US-MTSF on Colorectal Cancer)
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I wish we had more time…
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Approach to Hereditary 
Risk Assessment

Dietary 
Interventions

Medication 
Interventions

Exercise 
Interventions
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Familial
25%

Hereditary
5-10 %
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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer
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•Chemoprevention
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Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer

Schmeler et al. N Engl J Med 2006; 354:261-269.
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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer

Number Needed To Treat to Prevent 1 CRC = 24

Burn et al. Lancet 2020, 395(10240): 1855-63.
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•RR Surgery
•Chemoprevention
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•Exercise
•Vaccine

No 
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Extended 
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Local 

Cancer
Immunotherapy

Regional/ 
Distant 
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Mathers et al. Cancer Prev Res 2022;15:623-34.
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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer

Deng et al. Clin Cancer Res 2023;29:4361-72.
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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer

Kloor et al. Clin Cancer Res 2020;26(17):4503-10.

Vilar-Sanchez et al. NCT05078866.

Bansal & Vilar-Sanchez et al. NCT05419011.
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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer

72% reduction in CRC Mortality

Jarvinen et al. Gastroenterol. 2000. 118(5):829-34.

Dove-Edwin et al. BMJ. 2005. 331(7524):1047.

62% reduction in CRC Incidence
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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 
colectomy 

Local 
Cancer

Immunotherapy
Regional/ 

Distant 
Cancer

Parry et al. Gut. 2011; 60:950-7.

Win et al. Ann Surg Onc. 2013; 20:1829-36.

Edelstein et al. Clin Gastroenterol Hep. 2011;9:340-43.

• Cumulative risk of metachronous CRC at 10, 20, 
30 years is 16%, 41%, 62%, respectively

• Extensive colectomy vs segmental
– Extensive: 0/50 metachronous tumors
– Segmental: 74/322 (22%) metachronous tumors

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjyoc-5zOXbAhUF0IMKHYM0BtcQjRx6BAgBEAU&url=http://chelseasupdate.blogspot.com/2013/04/total-colectomy-with-ilecorectal.html&psig=AOvVaw3Rl5l36mbbQ8VUiC1Y6T1C&ust=1529699383554120
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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer

Le et al. NEJM. 2015;372:2509-20.



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Capturing Family Members: Cascade Testing



@swatigp

Lynch Syndrome is Grossly Under-Recognized

Only ~1.2% (10K/830K) Lynch 
mutation carriers in the US 
are aware of their diagnosis  

Hampel et al. Cancer Prev Res. 2011. 4:1-5.
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Lynch Syndrome Diagnosis: Tumor Screening

Abnormal or missing MSH2 
protein

Abnormal Gene (MSH2)

MSH2-
Lack of MSH2 
expression, negative 
IHC staining for MSH2 
protein

Normal tissue Tumor tissue

MSH2
+

-CG-
-CGCGCGCG

-CG

-CGCGCGCG-

-CG-

-CGCGCGCGCG-

-CG-

-CGCGCG-

-CG-
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-CG-
-CGCG-

-CGCGCG-
-CGCGCGCGCG-

Normal Cells

Tumor Cells

Microsatellite Instability

Normal Microsatellites

-CG-
-CGCGCGCG

-CG-
-CGCGCGCG

Immunohistochemistry 
for MMR Protein Loss

PCR for Microsatellite 
Instability Markers
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Lynch Syndrome Diagnosis: Universal Tumor Testing

“The Evaluation of Genomic Applications in Practice and 
Prevention (EGAPP) Working Group found sufficient 
evidence to recommend offering genetic testing for Lynch 
syndrome to individuals with newly diagnosed colorectal 
cancer (CRC) to reduce morbidity and mortality in 
relatives.” 
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Lynch Syndrome: US-MSTF 2014.
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Muller et al. Clin Gastroenterol & Hepatol 2018;16:1911-18.
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Moderate-
penetrance variant

6%

High-penetrance 
variant

10%

No germline 
pathogenic variant

84%

MLH1, MSH2, MSH6, PMS2 
Biallelic MUTYH

APC
SMAD4

BRCA1, BRCA2
CDKN2A

ATM
PALB2

Monoallelic MUTYH
APC I1307K

CHEK2

Pearlman et al. JAMA Oncology 2017. 3(4):464-71.
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Moderate-
penetrance variant

6%

High-penetrance 
variant

10%

No germline 
pathogenic variant

84%

MLH1, MSH2, MSH6, PMS2 
Biallelic MUTYH

APC
SMAD4

BRCA1, BRCA2
CDKN2A

ATM
PALB2

Monoallelic MUTYH
APC I1307K

CHEK2

Pearlman et al. JAMA Oncology 2017. 3(4):464-71.

NCCN Genetic/Familial High-Risk Assessment: Colorectal 2017.

Since 2017: All CRC dx < 50 get offered MGPT
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Pearlman et al. JCO-PO 2021 5:779-91.

51

3,310

1,462→234

➢Tumor-based screening missed 39% of patients 
with a hereditary syndrome

➢9 Lynch Syndrome patients missed
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National Comprehensive Cancer Network 1.2022.

Since 2022: 
Consider germline MGPT evaluation for LS and other 
hereditary cancer syndromes for all individuals with 

CRC aged ≥50 years at diagnosis (2B)
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Challenges that lie ahead

• Cost & care delivery burden

• Expertise needed

• May push disparities downstream
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Final Thoughts

• Exciting developments in diet, lifestyle and medications

• Universal germline testing has the potential to significantly improve 
diagnosis of hereditary syndromes

• Operationalizing this for the 3rd most commonly diagnosed cancer will 
require

• Adapting to new models of genetic counseling & testing
• Training a workforce 
• Attention to health equity
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Swati G. Patel, MD MS

Swati.Patel@cuanschutz.edu
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