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Overview of the Gut Microbiome

Colorectal Cancer and the Gut 
Microbiome

Possible Future Directions
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Overview of the Gut Microbiome
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- Various microorganisms coexist 

throughout the human body (gut, 

skin, lung, oral cavity)

- The gut (intestines) microbiome 

contains trillions of 

microorganisms- including 

bacteria as well as viruses, 

parasites, and fungi

- Dysbiosis is a decrease in variety 

of microorganisms 

and/or decrease of beneficial 

organisms and proliferation of 

pathogenic organisms

What is the gut microbiome?
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https://www.mybiome.health/new s-detail/the-gut-

microbiome-how -does-it-work-1
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What role does the gut microbiome play?
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Singh, et al. Gut Microbiome Dysbiosis, Journal of 

Neurogastroenterology, 2020.
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What impacts the gut microbiome?
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Gut microbiome. Cresci, et al. Adult short bow el 

syndrome. 2018.
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Summary:

• The gut microbiome is diverse and dynamic

• Impacted by many factors including throughout 

life starting at time of birth

• Plays many roles in digestion, metabolism, and 

immunity

• Dysbiosis has been linked to many disorders 

including colorectal cancer

• It's complicated

9The Gut Microbiome & Colorectal Cancer
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Role of Microbiome in CRC
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Colorectal cancer and the gut microbiome

• What do we know?

• Differences seen between CRC gut/tumor microbiome vs healthy
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Colorectal cancer and the gut microbiome

• What do we know?

• Differences seen between CRC gut/tumor microbiome vs healthy

▪ Alpha diversity

▪ Abundance or loss of certain specific bacteria

The Gut Microbiome & Colorectal Cancer 12

Ai, et al. Front Microbiol. 2019.
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Colorectal cancer and the gut microbiome
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Torres Maravilla, et al. Role of gut microbiota and probiotics 

in colorectal cancer. Microorganisms. 2021
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Colorectal cancer and the gut microbiome

• What do we know?

• Differences seen between CRC gut/tumor microbiome vs healthy

• Some microorganisms appear to have some role in carcinogenesis
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Wong, et al. Gut microbiota in colorectal cancer: mechanisms 

of action and clinical applications. Nature. 2019.
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Fusobacterium in colorectal cancer
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Lee, et al. Associations between Fusobacterium and prognosis 

in metastatic colon cancer. Scientif ic Reports. 2021.

Yang, et al. Fusobacterium nucleatum increase proliferation of 

colorectal cancer cells. Gastroenterology. 2017.
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Fusobacterium in colorectal cancer
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Bullman, et al. Analysis of Fusobacteriumpersistence and 
antibiotic response in colorectal cancer. Science. 2017.
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Colorectal cancer and the gut microbiome

• What do we know?

• Differences seen between CRC gut/tumor microbiome vs healthy

• Some microorganisms appear to have some role in carcinogenesis

• Difference also seen between EOCRC and LOCRC
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Xiong, et al. Front Cell Infect Microbio. 2022.
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Colorectal cancer and the gut microbiome

• What do we know?

• Differences seen between CRC gut/tumor microbiome vs healthy

• Some microorganisms appear to have some role in carcinogenesis

• Difference also seen between EOCRC and LOCRC

• Microbiome can affect treatment response

The Gut Microbiome & Colorectal Cancer 19
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Microbiome and treatment response: chemotherapy
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Yuan, et al. The influence of gut microbiota dysbiosis to the eff icacy of 5-Fluorouracil 

treatment on colorectal cancer. Biomedicine & Pharmacotherapy. 2018.
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Microbiome and treatment response: immunotherapy

The Gut Microbiome & Colorectal Cancer 21

•Elkrief, et al. Annals of Oncology. 2019.
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Summary:

• Differences in gut microbiome diversity and 

profile seen in CRC versus healthy

• Certain bacteria, i.e. fusobacterium, have 

been linked to colorectal pathogenesis and 

progression

• Microbiome diversity and profile has also been 

linked to response to chemo and immunotherapy

• It's complicated

22The Gut Microbiome & Colorectal Cancer
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Potential Future Directions
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Potential Clinical Applications
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Wong, et al. Gut microbiota in colorectal cancer: mechanisms 

of action and clinical applications. Nature. 2019.
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Probiotics affect microbiome
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Torres Maravilla, et al. Role of gut microbiota and probiotics 

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

in colorectal cancer. Microorganisms. 2021
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• Guideline approved for 

recurrent/refractory 

C. difficle infections (2013)

• Also being used in treatment of 

IBD

• Exciting work in steroid- and 

infliximab- refractory ICI-

related colitis

• Being explored in many areas 

involving anti-cancer therapy

FMT to Reverse Dysbiosis

The Gut Microbiome & Colorectal Cancer 27

Wang, et al. JCO. 2018.
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Summary:

• Probiotics can alter microbiome

• FMT has been shown to reverse dysbiosis

• Lots more to learn

28The Gut Microbiome & Colorectal Cancer
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Take Home Points

The Gut Microbiome & Colorectal Cancer 29

Gut microbiome plays an important role in colorectal 
pathogenesis, progression, and response to therapy

We are working on ways to utilize the microbiome for 
potential screening and treatment stragies

It's complicated and we still have a lot to learn!



Thank you!
Questions or Comments?
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Cancer Prevention Studies
Caroline Um, PhD, MPH, RD
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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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Swati Patel, MD, MS
Associate Professor and Director, Gastrointestinal Hereditary Cancer Program
University of Colorado Anschutz Medical Center 
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Updates in Genetics & Family History

Swati G. Patel, MD MS
Associate Professor of Medicine

Division of Gastroenterology & Hepatology
Director, Gastrointestinal Cancer Risk and Prevention Center

University of Colorado Anschutz Medical Center
Rocky Mountain Regional Veterans Affairs Medical Center

Swati.Patel@cuanschutz.edu

@swatigp
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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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Sporadic
60-70%

Familial
25%

Hereditary
5-10 %
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Sporadic
60-70%

Familial
25%

Hereditary
5-10 %



@swatigp



@swatigp

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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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
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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Opportunities for Intervention

•RR Surgery
•Chemoprevention
•Diet
•Exercise
•Vaccine

No 
Neoplasia

PolypectomyPre-Cancer
Extended 

colectomy 
Local 

Cancer
Immunotherapy

Regional/ 
Distant 
Cancer

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


@swatigp

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.
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Capturing Family Members: Cascade Testing
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Capturing Family Members: Cascade Testing
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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-

-CGCG-

-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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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

            @swatigp

@swatigp

mailto:Swati.Patel@cuanschutz.edu
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