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Learning objectives

1. Discuss endoscopic and non-endoscopic technologies for CRC 
screening

2. Review Post polypectomy surveillance guidelines



You are asked to provide CRC screening guidance for a 77-year old 
male. He has no personal or family history of colorectal cancer, denies 
gastrointestinal symptoms, and has never been screened.

Which approach is consistent with the USPSTF CRC screening 
recommendations?

a) Offer screening colonoscopy now; no further screening if normal

b) Offer no screening; patient exceeds eligible screening age

c) Offer FIT or FIT DNA (Cologuard) screening, followed by colonoscopy if abnormal

d) Discuss potential risks and benefits of screening and patient preferences



52 year old male with a negative colonoscopy at age of 40 and
mother with colon cancer at age of 58. He does not want a
colonoscopy?

How do you respond?

a) That is fine, we will order a Cologuard because it is over 90 % sensitive for 
picking up cancer

b) Let me introduce you to my dog who is trained to sniff out colon cancer

c) That will not work since only colonoscopy is appropriate for someone at high 
risk with a family history such as yours

d) That will work since your mother was genetically tested and was not found to 
have any high risk mutations

e) We can skip the colonoscopy and instead will do a blood test looking for cell free 
DNA



Common and Deadly but largely Preventable

151,000 cases/ year (2022) 52,000 deaths/ year

3rd most common cause 
of cancer for men and 
women in U.S.

2nd most common cause 
of cancer-related deaths 
in U.S.

23 million unscreened

1 in 3 adults in U.S. not 
screened for CRC

CRC facts and figures 2022. American Cancer Society



Rate of New Cancers in the United States, 2019
Colon and Rectum, All Ages, All Races and 

Ethnicities, Male and Female

Source - U.S. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations Tool, based on 2021 submission data (1999-2019): U.S. Department of Health and 
Human Services, Centers for Disease Control and Prevention and National Cancer Institute; https://www.cdc.gov/cancer/dataviz, released in June 2022.

Age adjusted new cancer in 2019 43.2 
per 100,000 people

https://www.cdc.gov/cancer/dataviz


White A, Thompson TD, White MC, et al. Cancer Screening Test use – United States, 2015. MMWR morb Mortal Wkly Rep 2017;66:201-206

USA 
Screening 
Rates for 

CRC



Siegel et al. CA Cancer J Clin 2017;67:177-193

Sources: incidence: SEER Program, 2016.

Mortality: US mortality Volumes 1930 to 1959, US

Mortality Data: 1960-2014, NCHC, CDC, 2016.

Decreasing CRC Incidence and Mortality USA



Colorectal cancer 
statistics, 2020

Increasing Incidence and Mortality for 
Young Adults and Middle-Aged Adults

Siegel et al. CA Cancer J Clin 2020;70(3):145-164

Leveling off of CRC incidence and 
mortality for adults age 50-64

Increased incidence and 
mortality for ages 0-49

By 2030, colorectal cancer 
will be the leading cause of 
cancer related death in age 

20-49



Disease Burden Varies by Race/Ethnicity

Compared to White individuals, Black and American Indian/Alaska 
Native individuals have more cases and deaths from CRC.

Gastroenterology Health Partners, 2021





USPSTF Recommended Screening Modalities

Davidson K, et al. JAMA. 2021;325(19):1965-1977



Age to stop screening

Selective offering of screening based on:

➢Overall health ( life expectancy, comorbidities)

➢Prior screening history

➢Patient preferences

Individuals age 76-85



Excess Risks of Colonoscopy Complications



ACA Preventive Services Coverage 
Clarification

Departments of Labor, Health and Human Services (HHS), and the Treasury. January 10, 2022



Removing Barriers to Colorectal Cancer 
Screening Act

U.S. Congress Bill: H.R. 1570/S.668



Stool based tests



1990s: Early FOBT Studies show Mortality

• 4 large randomized FOBT trials:
o15 %- 33 % reduction in CRC mortality

oNo change in all-cause mortality

• Minnesota Colon Cancer Control Study:

30-year follow up
o32 % reduction in CRC mortality

oNo change in all-cause mortality

Ransohoff DF, Lang CA. Ann intern Med 1997; 126:811-822.
Shaukat A, Mongin S, Geisser M. N Engl J Med 2013; 369:1106-1114.



FOBT After Digital Rectal Exam

▪ 24 %-64 % of primary care providers use only digital FOBT as 
their primary screening test

▪VA study of 3,121 asymptomatic patients, age 5-75

▪ Sensitivity for detection of advanced neoplasia ( 284 pts)

oSix-sample at-home FOBT 23.9%

oDigital FOBT 4.9%

▪Conclusion: Single-sample digital FOBT is a poor screening 
method and is not recommended

Collins J, Liberman D, Durbin T, et al. Accuracy of screening for fecal occult blood on a single stool sample 
obtained by digital rectal examination: a comparison with recommended sampling practice. Ann Intern Med
2005; 142(2):81-85



FIT: Fecal Immunochemical Test

• Detects globin protein of hemoglobin molecule

• Does not require dietary modification

• Must be done yearly (Europe q 2 years)

• Can be quantitated

• If positive – MUST be followed with a timely 
colonoscopy

• " 2-step" Screening



Accuray of FIT Meta Analysis
Lee JK et al. Ann Intern Med 2014;160:171-181

•70 % (69 %- 86%)Pooled 
Sensitivity:

•94 % (92%-95%)Pooled 
Specificity:



First Stool DNA testing: 2003

• Multi-target assay panel

• 21 point mutations in KRAS, APC, and P53 genes

• Microsatellite instability (MSI) marker (BAT-26)

• DNA Integrity Assay (DIA)



Stool DNA Testing: Early Result 2004

• Sensitivity 52 %

• Specificity 93 %- 97 %

• Not covered by insurance

• Expensive
Imperiale et al, NEJM 351:2704-14, 2004



Multi-targeted Test: FIT + DNA

Multi-Target DNA/FIT DeeP-C Results

Three Components
1. Two gene Methylation markers (NDRG4 and BMP3)

2. 7 KRAS Mutation markers

3. Fecal Hb (FIT)

Cancer Sensitivity: 92% for CRC (73.8 % FIT alone)

Polyp Sensitivity: 42% polyps > 1 cm (23.8 % FIT alone)

Sessile Serrated: 42% (5.1 % FIT alone)

Specificity: 87% (95% FIT alone)

Imperiale et al. N Engl J Med. 2014;370(14):1287-1297



Ongoing Randomized Trials of CRC screening

Robertson et al. Gut 2015;64:982-990



CT Colonography:
ACRIN Data

Polyp size
(MM)

> 5 > 6 > 7 > 8 > 9

Sensitivity 65 % 78 % 84 % 87 % 90 %

• Colonoscopy referral for all lesions > 5 mm: 17%

• Extracolonic findings: 66%

• Extracolonic findings requiring evaluation: 16%

Johnson et al. N Engl J Med. 2008;359(12): 1207-1217
(ACRIN)



Colon Capsule Endoscopy (CCE)

• 8 studies used CCE as a filter test after a positive FIT result

• 5 studies used CCE for primary screening

• Polyp detection: 24 % - 74 %

• Polyps > 6 m, sensitivity = 79 % - 96 %

• Polyps >10 mm, sensitivity = 84 % - 97 %

• CCE failed to evaluate the entire colon in approximately one-
third of participants due either to inadequate bowel preparation 
or to incomplete examination

Vuik FER, Nieuwenburg SAV, Moen S, Spada C, Senore C, Hassan C, Pennazio M, et al.: Colon capsule endoscopy in colorectal cancer 
screening: a systemic review. Endoscopy. 2021 August;53(8):815-824



Septin 9: Not Recommended

• 25 studies were included for 
analysis

• Cell cycle related protein 
(cytokinesis)

• The pooled Data:
o Sensitivity = 71 %
o Specificity = 92 %
o Positive ratio of mSEPT9 was higher 

in advanced CRC stage:
o 45 % in I

o 70 % in II

o 76 % in III

o 79 % in IV

Nian J, Sun X, Ming S, et al. Diagnostic Accuracy of Methylated SEPT 9 for blood-based Colorectal cancer Detection: A systematic
Review and Meta-analysis. Clin Transl Gastroenterol. 2017;8(1):e216.



Sensitivity for CRC 74 %

Specificity for CRC 90 %

FDA approval Yes

Guideline endorsed Yes



Test Characteristics of Screening Tests

Test Sensitivity for 
CRC

Sensitivity for 
Adv adenoma

Specificity for 
CRC

Evidence Risk Deaths 
averted per 

1000 
screened

High sensitivity 
guaiac FOBT

62-79% 7% 87%-96% Strong Low 26

FIT 76-95% 27%-47% 89%-96% Weak Low 26

FIT-DNA 
(Cologuard)

93 % 43% 85% Early Low 28 (yearly)
25 (Q 3 years)

CT 
Colonography

96 % 67%-94% 
(>10mm) 73%-

98% (6mm)

86%-98% 
(>10mm) 80%-
93% (>6mm)

Weak Low 26

Flexible 
Sigmoidoscopy

58 – 76 % 72%-86% 92% Strong Intermediate 24
(28 with FIT)

Colonoscopy 95 % 89%-98% 
(>10mm) 75%-
93% (>6mm)

90% Intermediate High 28

Davidson K, et al. JAMA. 2021;325(19):1965-1977. 

Knudsen et al. JAMA. 2021; 325(19): :1998-2011.



Patient Considerations for Screening Options

Robertson et al. AJG; 2017: 112; 37-53 
Inadomi. NEJM; 2017; 376:1598-1600



Goal: 80% in Every Community

Various evidence based patient, provider, heath 
system, and policy level interventions

The best evidence-based interventions: 
• Involve community stakeholders and members

• Have multiple components

• Address multi-level barriers to screening

• Are culturally tailored to the population

• Are sustainable over time

• Are disseminatable to other settings



Kaiser Permanente N. California CRC 
screening Program

• All members 51-75

• Approximate One million members

PCP Pre-
letter 

mailed

FIT Kit 
mailed

Robo-call 
reminder

Reminder 
postcard

Secure
message

MA calls

Review of PROMT 
at office visit or Flu 

clinic (InReach)

40 % 20 % 6 % 4 % 4 %

6.7 %



Other than a colonoscopy, all other screening tests are a "2-step" process

All positive screening tests require a colonoscopy



San Miguel et al. Gastro 2021



Colonoscopy

Quality Quality Quality

oADR

oWithdrawal Time

oTechnique

oReport Card

oSplit Prep



38Screening Colonoscopy Studies



Ongoing Randomized Trials of CRC screening

Robertson et al. Gut 2015;64:982-990













Colonoscopy is Operator dependent

1997: Study with Tandem Colonoscopies

Overall adenoma miss rate = 24 %

Miss rates by endoscopist: 17-48 %

Size Adenoma Miss rate

Less than or = 5 mm 27 %

6-9 mm 13 %

Greater than or = 1 cm 6 %

Rex DK et al. Colonoscopic miss rates of adenoma determined by back to back colonoscopies. Gastroenterology 1997;112:24-28



14%

18%

22%

25%

38%

ADR VARIABILITY

Adenoma Miss Rate



ADR Targets: Primary screening and + FIT

Primary screening

Minimum acceptable

25 %

Optional or aspirational

50 %

FIT +

Minimum acceptable

40 %

Optional or aspirational

70 %

✓ 9 mins withdrawal time
✓ Combined mechanical enhancement and AI
✓ Institutional target for SSA 7-8 %





Flying cars

Robot housekeeper



What About Colonoscopy Technology?

- Seeing better

- Identifying polyps better





Mechanical

Vs.

Optical Enhancement

Mechanical Enhancement performed better than optical enhancement

Castaneda D, Popov VB, Verheyen E. et al. New technologies improve adenoma detection rate, adenoma miss rate, and polyp detection rate: a 
systematic review and meta-analysis. Gastroentist Endosc. 2018 Aug;88(2):209-222



Artificial Intelligence and polyp detection: 
meta-analysis

o44 % relative increase in ADR

o70 % relative increase in 
adenoma per colonoscopy ( APC)

oNo effect on the efficiency of 
colonoscopy

oSimilar withdrawal time between 
the 2 arms

Hassan C, et al. Performance of artificial intelligence in colonoscopy for adenoma and polyp detection: a systematic review and meta-
analysis, Gastrointestinal Endoscopy 2021;93:77-85



RCTs AI for detection



Where are the:

Self-propelled scopes?

Auto pilot scopes?

Joystick controlled scopes?

3D scopes?



What About other non-colonoscopy 
Non-Invasive Tests?



New Non-Invasive CRC Tests

1. Molecular Markers

2. DNA

• mutations

• methylation markers

3. RNA

• microRNAs

4. Gut microbiome composition

5. Volatile organic Compounds (VOC)



VOC Dog Scan

• Volatile organic compounds (VOCs)

• Breath/ Stool evaluated by a trained Labrador Retriever

• Healthy controls vs. Patients with colorectal cancer

Breath (N=33) Stool (N=37)

Sensitivity 91 % 97 %

Specificity 99 % 99 %

Sonoda H, Kohnoe S, Yamazato T, et al. Colorectal cancer screening with odor material by canine scent detection. Gut 2011;60(6) 814-
819



Electronic nose

CRC Sensitivity: 80- 95 %

CRC Specificity: 60- 64 %

Van Keulen, et al. Volatile organic compounds in breath can serve as a non-invasive diagnostic biomarker for the detection of advanced 
adenomas and colorectal cancer. Aliment Pharmacol Ther. 2020. Feb;51(3):334-346



Post endoscopy surveillance

Predictor/endpoint Definition

Low-risk adenoma/non-advanced adenoma 1-2 tubular adenomas, <10 mm in size

Advanced adenoma Adenoma >10 mm, villous features, and/or high 
grade dysplasia

Advanced neoplasia Advanced adenoma or colorectal cancer (CRC)

High-risk adenoma Advanced neoplasia or 3 or more adenomas any 
size

Sessile serrated adenoma/polyp/lesion (SSA/P) Histologically confirmed lesion

Serrated polyp SSA/P/L or hyperplastic polyp





Diagnostic and therapeutic strategy

Screening colonoscopy

Image Enhanced Endoscopy (NBI, Indigocarmin)

Polypectomy, EMR

EUS

Magnification (crystal violet)

Large lesion or sm suspected

ESD

Small adenoma

Small mucosal ca.

sm massive
Surgery

Slightly invasive
sm ca.

Some suspicious lesions

Deep sm suspected

EPMR

Large adenoma
Large mucosal ca.



Approach to Colon Cancer screening

Detection

Prevention

1 Step tests

Colonoscopy

2 Step tests

Stool based
Imaging based
*Blood based



You are asked to provide CRC screening guidance for a 77-year old 
male. He has no personal or family history of colorectal cancer, denies 
gastrointestinal symptoms, and has never been screened.

Which approach is consistent with the USPSTF CRC screening 
recommendations?

a) Offer screening colonoscopy now; no further screening if normal

b) Offer no screening; patient exceeds eligible screening age

c) Offer FIT or FIT DNA (Cologuard) screening, followed by colonoscopy if abnormal

d) Discuss potential risks and benefits of screening and patient preferences



52 year old male with a negative colonoscopy at age of 40 and
mother with colon cancer at age of 58. He does not want a
colonoscopy?

How do you respond?

a) That is fine, we will order a Cologuard because it is over 90 % sensitive for 
picking up cancer

b) Let me introduce you to my dog who is trained to sniff out colon cancer

c) That will not work since only colonoscopy is appropriate for someone at high 
risk with a family history such as yours

d) That will work since your mother was genetically tested and was not found to 
have any high0risk mutations

e) We can skip the colonoscopy and instead will do a blood test looking for cell free 
DNA



Take-home Points

✓Screening for CRC is evidence-based and recommended for all 
adults but underutilized.

✓Screening should begin at age of 45 for average risk individuals and 
earlier in high risk group

✓Refer patients for abnormal stool based test within 1 year, ideally 
before 9 months.

✓Endoscopic options are available for early colon cancer treatment


